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ELECTROMAGNETICALLY SHIELDING BONDING FILM, AND 
SHIELDING ASSEMBLY AND DISPLAY DEVICE USING SUCH 

FILM 

TECHNICAL FIELD 

The present invention relates to bonding film which is capable of 
shielding eJectromagnetic radiation from the front surface of such display 
devices as CRT, PDF (plasma display), LCD, and EL, and Slocking 
infrared r-adiation. The present invention also relates to a display device 
and an electromagnetic shielding assembly using such filhi. 
BACKGROUND OF THE INVENTION 

Recently, with the increase in the use of various electric and 
electronic appliances, problems of electromagnetic noises or interferences 
(EMI) have been on the increase. 

Such noises may be generally classified into conduction noises and 
emission or radiation noises. The use of noise filters is a typical measure 
against conduction noises. As for radiation noises, it is necessary to 
electromagnetically insulate a prescribed space. To this end, the 
appliance may be enclosed in a metallic or otherwise clcctroconductive 
casing, a metallic plate may be placed between the two circuit boards, or 
metallic foil may be wrapped around the cable. These measures may 
provide an adequate electromagnetic shield for the circuit or the power 
source block, but are unsuitable for shielding electromagnetic radiation 
which may be produced from the front surface of a display device such as 
a CRT or a PDF because such ineasures require an opaque material layer to 
be placed in front of the display device. 

Methods for providing both aii electromagnetic shielding effect and 
a transparency have been previously proposed (see Japanese patent laid 
open publications Nos. 1-278800 and 5-323101) which are based on 
forming electroconductive thin film over the surface of a transparent base 
member by vapor depositing metal or metal oxide. 

There have also been proposed EMI shielding materials having 
highly electroconductive fibers embedded in a transparent base material 
layer (see Japanese patent laid open publications Nos. 5-327274 and 5- 
269912), EMI shielding materials having electroconductive resin material 
containing metallic powder or the like directly deposited or printed on a 
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transparent ba.se board (see Japanese patent laid open publications Nos. 62- 
57297 and 2-52499), and an electromagnetic shielding material having a 
transparent resin layer formed over a transparent base board such as a 
polycarbonate board having the thickness of approximately 2 mm, and a 
copper layer of a mesh pattern formed over the resin layer by electroless 
plating (see Japanese patent laid open publication No. 5-283889). 

According to the methods of forming a thin electroconductive layer 
by vapor depositing metal or metal oxide onto a transparent base board 
which were proposed in Japanese patent laid open publications Nos. 1- 
278800 and 5-323101 and purported to achieve both an EMI shielding 
capability and a transparency, if the thickness of the electroconductive 
layer is reduced to a sufficient level (a few hundred A to 2,000 A), the 
surface resistance of the electroconductive layer becomes so large that the 
shielding effect for the frequency range of 30 MHz to IGHz will be less 
than 20dB which is significantly lower than the required levei of 30dB or 
more. 

As for the EMI shielding material consisting of a transparent base 
member having electroconductive fibers embedded therein such as those 
proposed in Japanese patent laid open publications Nos. 5-327274 and 5- 
269912, a sufficiently high electromagnetic shielding effect of 40 to 50 dB 
can be achieved for the frequency range of 30 MHz to IGHz, but the fiber 
diameter which is required for regularly arranging the electroconductive 
fibers so as to achieve such a shielding effect becomes as large as 35 |xm, 
and the fibers arc so visible (which is referred to as "visibility" hereinafter) 
that the shielding material is quite unfit for application to display devices. 
In thc-case of the EMI shielding material made by directly printing 
electroconductive ink containing metallic powder or the like on a 
transparent base board as proposed in Japanese patent laid open 
publications Nos. 62-57297 and 2-52499, similarly, the line width is no 
less than 100 |j.rn due to the limitation of printing precision so that the 
visibility makes the material unsuitable. As for the shielding material 
fonned by forming a transparent resin layer over a transparent base board 
made of a polycarbonate plate or the like having a thickness in the order of 
2 mm, and forming a copper mesh pattern thereon by electroless plating as 
proposed in Japanese patent laid open publication No. 5-283889, the 
surface of the transparent base board is required to be roughened or made 
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coarse so as to achieve a sufficient adhesive power for the clcctxoless 
plating. This roughening process requires the use of toxic oxidants such 
as chromic acid and permanganate acid, and can produce a desired result 
only when the base board is made of ABS resin. According to this 
s method, even when an EMI shielding effect and a transparency are both 
achieved, the thickness of the transparent base board cannot be reduced to 
a sufficient level so that the inaterial is not suited to be formed into a 
sufficiently thin film or web. If the transparent base board has a 
significant thickness, as it cannot be closely attached to the surface of the 
10 display device, there will be a leakage of electroniagnctic radiation. Abo, 
in regard to the manufacturing process, bccaiise the shielding material 
cannot be put into the fonn of rolls, the material tends to be undesirably 
bulky and the unsuitability of the material to automation causes an 
increase in the production cost. In addition to the EMI shielding 

15 performance of 30dB or more in the frequency range of 30 MHz to IGHz, 
such shielding material is required to have be capable of blocking infrared 
radiation in the wavelength range of 900 to 1,000 nm emitted from the 
fi:ont surface of the display device as it may interfere with VTR and other 
equipment using a remote control. Additionally is required a favorable 

20 transparency for visible light. In addition to the transparency, the 

material is required to have a favorable bonding property which allows it 
to be closely attached to the display surface so as to effectively shut off 
electromagnetic radiation, and to achieve a invisibility which makes the 
presence of the shielding material uimoticeable to the viewer. 

25 The bonding property includes the capability of the material to be 

attached to the surface of any one of a number of widely used polymer 
plate materials as well as to the surface of glass at a relatively low 
temperature, and to continue to maintain the close contact with the 
material over extended periods of time. However, such desirable material 

30 has not been hitherto available. 

BRIEF SUMMARY OF THE INVENTION 

In view of such problems of the prior art, a primary object of the 
present invention is to provide electromagnetic shielding bonding film 
which has a favorable EMI shielding performance, transparency, 

35 invisibility, and favorable bonding property. 

A second object of the present invention is to provide 
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electromagnetic shielding bonding fiJin which is economical to 
manufacture and simple in structure. 

A third object of the present invention is to provide a display 
device and an electromagnetic sMelding assembly using such film. 
5 These and other objects may be accomplished by providing 

Electromagnetic shielding bonding film, comprising; substantially 
transparent plastic base film; an electroconductive metallic material layer 
which is geometrically patterned on the plastic base film so as lo have an 
aperture-ratio of 50% or more; and a bonding agent layer placed at least 
10 over a parf of the plastic base film not covered by the electroconductive 
metallic material layer, the bonding agent layer being adapted to be 
selectively given with fluidity. 

To the end of providing electromagnetic shielding bonding film 
which is economical and suited for mass production, and has a favorable 
15 electromagnetic shielding and optically transparent property, and a 

convenient bonding property, the invention provides an electromagnetic 
shielding bonding film, characterized by plastic film carrying a bonding 
agent layer, and an electroconductive metallic material layer which is 
geometrically patterned by micro-lithography so as to have an aperture 
20 ratio of 50% or more. 

The bonding agent layer may flow under heat and/ore pressure. In 
such a case, to the end of providing electromagnetic shielding bonding 
film which has a favorable electromagnetic shielding and optically 
transparent property, and a convenient bonding property, the softening 
25 temperature of the bonding agent layer which flows under heat or pressure 
may be-2(X) °C or lower. 

The bonding agent layer may be adapted to cure when active 
radiation energy is radiated upon it. In this case, to the end of providing 
electromagnetic shielding bonding film which has a favorable 
30 electromagnetic shielding and optically transparent property, and a 

convenient bonding property, the active radiation energy may consist of 
ultraviolet or electron beam radiation. 

Alternatively, the bonding agent layer may consist of thermosetting 
resin. In this case, to the end of providing electromagnetic shielding 
35 bonding film which has a favorable electromagnetic shielding and 

optically transparent property, and a convenient bonding property which is 
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reliable over an extended period of time, the cure index of the bonding 
agent layer consisting of thermosetting resin may be less than 60%. 

To the end of providing electromagnetic shielding bonding film 
which has a favorable electromagnetic shielding and optically transparent 
5 property, and a convenient bonding property, the electroconductive 
metallic layer may be geoTnefcrically patterned by a micro-lithography 
which for instance may consist of photo-lithography. 

To the end of providing electromagnetic shielding bondijig film 
which has a favorable electromagnetic shielding and optically transparent 
10 property, arid a convenient bonding property, the bonding agent layer may 
have a rejfraction index of 1.45 to 1.70. 

To the end of providing electromagnetic shielding bonding film 
which has a favorable electromagnetic shielding and optically transparent 
property, and a convenient bonding property, the bonding agent layer may 
15 have a larger thickness than the electroconductive metallic material layer. 

To the end of providing electromagnetic shielding bonding film 
which has a favorable electromagnetic shielding and optically transparent 
property, and a convenient bonding property, the bonding agent layer may 
contain an infrared absorbing agent. 
20 To the end of providing electromagnetic shielding bonding film 

which has a favorable electromagnetic shielding and optically transparent 
property, and a convenient bonding property, the geometrically patterned 
electroconductive metallic material layer may have a line width of 40 fim 
or less, a line spacing of 100 ixm or more and a line thickness 40 ^m or 
25 less. 

—To the end of providing electromagnetic shielding bonding film 
which has a favorable electromagnetic shielding and optically transparent 
property, and a convenient bonding property, the geometrically patterned 
electroconductive metallic material layer may consist of a copper, 

30 aluminum or nickel layer having a thickness of 0.5 to 40 \xm 

To the end of providing electromagnetic shielding bonding film 
which has a favorable electromagnetic shielding and optically transparent 
property, and a convenient bonding property, the photo-lithography may 
consist of a chemical etching process. 

35 To the end of providing electromagnetic shielding bonding film 

which has a favorable electromagnetic shielding and optically transparent 
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property, and a convenient bonding property, t the plastic fDm carrying the 
electroconductive metallic material layer may consist of polyethylene- 
tcrephthalate film or polycarbonate film. 

To the end of providing electromagnetic shielding bonding film 
5 which is resistant to fading, and capable of providing high contrast images, 
the electroconductive metallic material may consist of copper which at 
least has a darkened surface. 

To the end of providing electromagnetic shielding bonding film 
which is j^ffective in shielding a magnetic field, the electroconductive 
10 metallic material may consist of paramagnetic metallic material/ 
BRIEF DESCRIPTION OF TIE DRAWINGS 

Now the present invention is described in the following with 
reference to the appended drawings, in which: 

Figure 1 is a perspective view (a) and a sectional view (b) of the 
15 electromagnetic shielding bonding film according to the present invention; 
and 

Figure 2 .show an example of application of the electromagnetic 
shielding bonding film of the present invention to a display device (a) and 
different examples (b) to (f) of the electromagnetic shielding assemblies of 
20 the present invention, all by sectional views. 

DETAILED DESCRIFTION OF THE PREFERRED EMBODIMENTS 
Now the present invention is described in the following in more 

detail. 

The bonding agent layer which flows under heat or pressure 
25 preferably consists of a bonding agent composition which demonstrates a 
fluidi^under a temperature of 200 "^C or lower, or a pressure of 1 kgf/cm2 
or higher, and should be able to readily attach electromagnetic shielding 
bonding film carrying geometrically patterned electroconductive material 
so as to define an aperture ratio of 50% or higher to a bonding object such 
30 as a display or a plastic plate by letting the bonding agent layer flow. The 
bonding agent layer flows out of the apertures of the geometrically 
patterned electroconductive material, and flows onto the surface of the 
geometrically patterned electroconductive material defining an aperture 
ratio of 50% or higher, and the surface of the bonding object so that the 
35 electromagnetically shielding bonding fibn and the bonding object may be 
readily attached to each other. Because of this fluidity, the 
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clectromagnetically shielding bonding film may be readily attaclied to the 
bonding object, even when the bonding surface is curved or consists of an 
otherwise complex shape by lamination or press molding. To this end the 
softening temperature of the bonding agent layer is preferred to be 200 *C 
s or lower. The softening temperature is defined as a temperature at which 
the viscosity of the material falls below 10'- poise, and a fluidity can be 
observed in one to ten seconds when that temperature is reached. 

The bonding agent compositions which can be used for such a 
bonding agent layer which flows under heat or pressure include such 
10 thennoplastic resin materials as dienes such as natural rubber (refraction 
index: n=1.52), polyisoprene (n=1.521), poly-l,2-butadiene (n=1.50), 
polyisobutane (n=1.505 to 1.51), polybutane (n=1.513), poly-2-heptyl-l,3- 
butadiene (n=1.50), poly-2-t-bulyl-l,3-butadiene (n=1.506) and poly-1,3- 
biitadiene (n=1.515), polyethers such as polyoxy-ethylene (n=1.456), 

15 polyoxy-propylene (n=1.450), polyvinyl- ethylether (n=1.454), polyvinyl- 
hexylether (n=1.459) and polyvinyl- butylether (n=1.456), polyesters such 
as polyvinyl-acetate (n=1.467), and polyvinyl- propionete (n=1.467), 
polyurethane (n=1.5 to 1.6), ethylcellulose (n=1.479), polyvinyl-chloridc 
(n=1.54 to 1.55), poly acrylonitrile (n=1.52), polymethacrylonitrilc 

20 (n=1.52), polysulfone (n=1.633), polysulfide (n=1.6) phcnoxy resin (n=l 
to 1.6), and poly (metha) acrylic acid esters such as polyethyl-acrylate 
Cn=1.4685), polybutyl-acrylate (n=1.466), poly-2-ethylhexyl-acrylate 
(n=1.463), poly-t-butyl-acrylate (n=1.4638), poly -3-6thoxypropyl-acry late 
(11=1.46^, polyoxycarbonyl-tetramethacrylate (n=1.465), polymethyl- 

25 acrylate (n=1.472 to 1.480), poly isopropyl-methacry late (n=1.473), 
poly dadecU-methacry late (n=l.'474), polytetradecil-methacrylate 
(n=1.475), poly-n-propyl-methacrylate (n=a.484), poly-3,3,5-trimethyl- 
cyclohexyl-methacrylate (n=1.484), polyethyl-methacrylate (n=1.485), 
poly-2-nitro-2-raethylpropyl-methacrylate (n=1.487), poly-1,1- 

30 diethylpropyl-methacrylate (n=1.489), and polymethyl-methacrylate 

(n=l .489). Two or more these acrylic polymers may be copolymerized, 
or may be mixed together as required. 

Copolymers of acrylic resin and other resin materials may also be 
used, and they inlcude epoxyacrylates (n=1.48 to 1.60), urethaneacryiates 

35 (n=1.5 to 1.6), polyetheraciylates (n=1.48 to 1.49), and polyesteracrylatcs 
(n=1.48 to 1.54). In terms of bonding property, urethaneacryiates. 
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epoxyacrylatcs and polyetheracrylates are particularly desirable. Such 
epoxyacrylates include (metha)acrylic acid derivatives such as 1,6- 
hexandiol-diglycidylether, ncopenthylglycol-diglycidylether, arylalcohol- 
diglycidylether, resorcinol-diglycidylether, diglycidylester adipate, 
r, diglycidylester phthalate, polyethyleneglycol-diglycidylesther, 
trlmethylolpropane-triglycidyJether, glycerin- triglycidylether, 
pentaerythritol-tetraglycidylether, and sorbitol-tetraglycidylcther. 
Epoxyacrylates are effective in improving bonding property as they 
contain bydroxyl groups in their molecules, and these copolymers can be 

10 used either individually or in combination. The softening temperature of 
the polymer that can be used for the bonding agent of the present invention 
is preferably 200 "C or lower for the convenience of handling, and is even 
more preferable if it 150 "C or lower. Because such electromagnetic 
shielding bonding film is normally used in the environments of 80 "C or 

15 lower, in view of the v^^orkability, the most preferred range of the softening 
temperature is SO to 1 20 "C The weight-average molecular weight of the 
main polymer in the bonding agent should be 500 or greater. If the 
molecular weight is less than 500, the cohesive force of the composition is 
so small that a satisfactory attachment to the object may not be achieved. 

20 A diluting agent, pla.slicizer, anti-oxidixation agent, filler, coloring 

agent, UV abJiorbing agent, and viscosity increasing agent may be added to 
the bonding agent composition as required. 

The refractive index of tlie bonding agent layer which flows under 
heat or pressure is preferably in the range of 1.45 to 1.70. This is because 

25 if there is any significant difference in refraction index between the plastic 
film and the bonding agent which arc used in the invention, and the 
bonding agent of the present invention and the bonding agent which is 
used for attaching clcctroconductive metallic material to the plastic film, 
the visible light transmission factor drops. However, if the refractive 

30 index is in the range of 1.45 to 1.70 such a drop in the visible light 

transmission facto can be avoided, and the polymers mcnUoned above all 

faU within this range. 

llie electroconductive metallic material as used in this application 
includes a metal or an aUoy of two or more .selected from a group 
35 consisting of copper, aluminum, nickel, iron, gold, silver, stainless steel, 
tungsten, chromium and titanium. In view of clectroconduclivity, 
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suitability for circuit fabrication and cost, copper, aluminum and nickel are 
particularly suitable. The material preferably should be in tlie form of 
metallic foil, plating, vapor deposition or other film formed in vacuum 
having a thickness of 0.5 to 40 |xra. K the thickness exceeos 40 ^im, 
5 forming the fine lines becomes difficult, and the visible angle is reduced. 
If the thickness falls below 0.5 pm, the surface resistance increases to such 
an extent that the electromagnetic shielding effect may become inadequate. 

It is preferable if the electroconductive metallic material consists of 
copper having at least its surface darkened because a high contrast can be 

10 achieved. Also, the oxidization and fading of the electroconductive 

material over time can be avoided. The darkening process can be carried ■ 
outer either before or after the process of forming the geometric pattern, 
but is normally carried out after forming the geometric pattern in the 
manner well known in the art of printed circuit boards. For instance, the 

15 darkening process may consist of processing the metallic material in a 

water solution of sodium chlorite (31g/]iter), sodium hydroxide (15 g/liter), 
and trisodium phosphate (1 2 g/liter) for 2 niiiiute at 95 "C. It is desirable 
if the electroconductive material consists of paramagnetic metal as it 
improves the magnetic shielding effect in addition to the shielding effect 

20 against an electric field. Such electroconductive material can be most 
easily brought into close contact with plastic film of the above described 
type by bonding these two material layers together via a bonding agent 
layer which may essentially consist of acrylic or epoxy resin. When the 
thickness of the layer of the electroconductive material is desired to be 

25 reduced, it can be achieved by one or a combination of two or more of the 
thin film forming methods selected from a group consisting of vacuum 
deposition, sputtering, ion plating, chemical vapor deposition, and 
electroless and electric plating. The thickness of the electroconductive 
material is preferably 40 [un or less. The smaller the thickness of the 

30 electroconductive material, the greater the view angle becomes, and it 
makes the material particulariy suitable for electromagnetic shielding 
material. It is particularly preferable if the thickness is 18 jxm or less. 

The plastic film as used in this application includes those made of 
polyesters such as polyethylene terephthalate (PET) and polyethylene 

05 naphthalate, polyolefins such as polyethylene, polypropylene, polystyrene 
and EVA, vinyl resins such as polyvinyl chloride and polyvinyl idene 
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chloride, polysulfone, polyethersulfone, polycarbonate, polyamide, 
polyimide, and acrylic resins which have a transmission factor of 70% or 
more for visible light, and a thickness of I mm or less. These materials 
may be used as a single layer or multi layer film combining two or more 
5 layers. In view of transparency, heat-resistance, handling and cost, 

polyethylene terephthalate and polycarbonate are particularly suitable. If 
the thickness is less than 5 |ijn, it becomes difficult to handle. If the 
thickness exceeds 500 fxm, the visible light transmission factor in itnpaired. 
The thickness of the plastic film is preferably in the range of 5 to 200 iixm. 
10 The thickness range of 10 to 200 fxm is particularly preferable. * 

The geometric pattem as used in this application may consist of a 
triangle such as right triangle, equilateral triangle and right-angled triangle, 
a rectangle such as square, oblong, parallelepiped and trapezoid, a polygon 
such as hexagon, octagon, dodecagon and icosahedron, a circle, an 
15 ellipsoid or a star shape, or a combination of these, and these individual 
patterns may repeat by themselves or two or more of these patterns inay be 
combined. Triangles are most effective in terms of the EMI shielding 
effect, but polygons having as many a side as possible are desirable in 
vieu/ of the transmission factor of visible light because of an increased 
20 aperture ratio. The aperture ratio is required to be 50% or more in view 
of the visible light transmission factor, and is more preferably 60% or 
more. The aperture ratio is defined as a percentile ratio of the area of the 
part of the effective surface area of the electromagnetic shielding bonding 
film which is not covered by the geometrically patterned electroconductive 
25 material to the entire effective area of the electromagnetic shielding 

bonding film. When the effective area of the electromagnetic bonding 
film is assumed as the area of the screen of a display device, the aperture 
ratio corresponds to the ratio of the visible area of the screen. 

The geometric pattem preferably may be preferably carried out by 
30 forming the plastic film carrying the electroconductive metallic material by 
micro-lithography which includes photo-lithography. X-ray h'thography , 
and ion beam lithography as well a.s screen printing. Of these methods, 
photo-lithography is particularly preferable in view of convenience and 
suitable for mass production. In particular, photo-lithography based on 
35 chemical etching is most preferable because its convenience, economy, 
and circuit fabrication precision. However, other forms of photo- 
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lithography such as those based on electroless or electric plating, or a 
combination of chemical etching with electroless or electric plating may 
also be used for geometrically patterning the electroconductive metallic 
material. 

5 The line width of the geometric pattern should be 40 \mi or less, 

the line spacing should be 100 ^im or more, and the line thickness should 
be 40 jxm or less. In view of transmission factor for visible light, it is 
even more preferable if the line width is 25 ^tm or less, the line spacing is 
120 [xm or more, and the line thickness is 18 |xm or less. The line width 

10 is preferably 40 jxr" or less, or more preferably 25 |xm or less, and because 
the surface resistance increases and the electromagnetic shielding effect is 
impaired if the line width is too small, is desired to be 0.5 Mm or more, or 
more preferably 1 jim or more. The larger the line spacing is, the greater 
the aperture ratio becomes, and the visible light transmission factor 

15 improves. When the material is used on the front surface of a display 

device, the aperture ratio is required to be 50% or more, or more preferably 
60% or more. If the line spacing is excessively, the electromagnetic 
shielding effect is impaired. Therefore, the line spacing is preferred to be 
1,000 |xm (1 mm) or less. When the geometric pattern is relatively 

20 complex, the line spacing may be defined by converting the open area of 
each repeating pattern unit into a square, and measuring the side of such a 
square. 

The infrared absorbing agents that can be used in the present 
invention may include metal oxides such as iron oxide, cerium oxide, tin 

25 oxide and antimony oxide, indium-tin oxide (which is referred to as ITO 
hereinafter), tungsten hexachloride, tin chloride, copper (H) sulfide, 
chromium-cobalt complex salt, thiol-nickel complex compound, aminium 
compounds, diimoniura compounds (marketed by Nihon Kayaku KK), 
antraquinone compounds CSIR-114), metallic complex compounds (SIR- 

30 128, STR-130, SIR-132, SIR-159, SlR-152, and SIR-162), phthalocyanine 
(SrR-103) (these are marketed by Mitsui Toatsu Kagaku KK). 
Alternatively, these compounds may be dispersed in the bonding agent. 
It is also possible to disperse these compounds in binder resin which is 
then applied over the surface of the bonding agent which flows under heat 

35 or pressure. The binder resin having these compounds dispersed therein 
may be directly applied over the surface of plastic film so that the bonding 
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agent layer which flows under heal or pressure may be applied thereon, or 
may be applied over the reverse surface of the assembly so as to define an 
infrared absorbing layer. It is also possible to use plastic film which 
conlHins an infrared absorbing agent. The compounds which are 
particularly effective in absorbing infrared radiation include such infrared 
absorbing agents as copper (II) sulfide, ITO, aminium compounds, di- 
imonium compounds, and metallic complex compounds. In case of 
infrared absorbing agents other than organic infrared absorbing agents, it is 
important to properly select the diameter of the primary particles. If the 
particle diameter is substantially larger than the wavelength of the infrared 
radiation, the blocking efficiency may be high, but the rransparency drops 
because the irregular reflection by the surfaces of the particles cause a hazy 
appearance. If the particle diameter is excessively small, the shielding 
efficiency drops. The preferable range of the particle diameter is 0-01 to 
5 [im, and an even more preferable range is 0.1 to 3 pm. 

The infrared absorbing agent is evenly dispersed in binder resins 
which may comprise epoxy resins such as bisphenol type A epoxy resin, 
bisphenol type F epoxy resin, and novolac type epoxy resin, diene resins 
such 'AS polyisoprene, poly-l,2-butadiene, polyisobutane, and polybutane, 
polyacrylic acid ester copolymers such as ethylacrylate, butylacrylate, 2- 
ethylhexylacrylate, and t- butylacrylate, polyester resins such as 
polyvinylacetate, polwinylpropionate, and polyolcfin resins such as 
polyethylene, polypropylene, polystyrene, and EVA. The mixture ratio 
of the infrared absorbing agent should be preferably 0.01 to 10 weight 
parts, and more preferably 0.1 to 5 weight parts for 100 weight parts of the 
binder... If the mixture ratio is less than 0.01 weight parts, a required 
infrared absorbing ratio cannot be achieved. If the mixture ratio is greater 
than 10 weight parts, a required transparency cannot be achieved. 

Preferably, the bonding agent layer containing such an infrared 
absorbing agent is formed on one side of the plastic film, and the 
electroconductive metallic material is applied over the surface of the 
bonding agent layer. It is also possible, as mentioned earlier, to fonn a 
layer of composition containing the infrared absorbing agent, and to apply 
a bonding agent layer (which may or may not contain the infrared 
absorbing agent) which flows under heat or pressure over the surface of the 
composition layer. Alternatively, the layer of composition containing the 
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infrared absorbing agent may be applied lo the surface of the 
electromagnetic shielding bonding film opposite to that carrying the 
clectroconductive metallic material. It may also be formed in any one of 
the layers of the electromagnetic shielding assembly which comprises a 
layer of electromagnetic shielding bonding film and a plastic plate. If the 
electromagnetic shielding assembly consists of a layer of electromagnetic 
shielding bonding film and a plastic plate, the infrared absorbing agent 
may be applied to the surface A of the electromagnetic shielding bonding 
film, the interface B between the electromagnetic shielding bonding film 
and the plastic plate, or the surface C of the plastic plate. In this case, the 
composition containing an infrared absorbing agent may be formed at least 
on one of the surfaces A, B or C. At least one layer containing an 
infrared absorbing agent is necessary, and the remaining layers may not 
contain any infrared absorbing agent. The layer containing the infrared 
absorbing agent is preferably provided with a bonding property to improve 
the work efficiency and the workability. 

More specifically, the mfrared absorbing composition is applied 
over the surface of the bonding layer of the electromagnetic shielding 
bonding film or the reverse surface of the film to the thickness of 0.1 to 10 
|xm- The infrared absorbing composition may be cured by using heat or 
ultraviolet radiation. The infrared absorbing composition may also be 
directly mixed with the bonding agent composition of the bonding agent 
layer which flows under heat or pressure. The amount of the infrared 
absorbing composition that would be added in this case is preferably in the 
range of 0.01 to 5 weight parts for 100 weight parts of the polymer which 
essentially forms the bonding agent in view of the efficacy and the 
transparency. 

The plastic plate used in the present invention consists of a plate 
made of such materials as thermoplastic polyester resins such as 
polystyrene resin (n=1.59), acrylic resin (n=1.49), polymethylmethacrylate 
resin (n=1.49), polycarbonate resin (n=1.58), polyvinylchloride resin 
(n=1.54), polyvinylidene -chloride resin (n=1.6 to 1.63), polyethylene resin 
(n=151), polypropylene resin (n=1.50), polyamid resin (n=1.52), 
polyamide-imidc resin (n=1.5), polyetherimidc resin (n=1.5), 
polyetherketone resin (n=1.45), polyarylate resin (n=l-5 to 1.6), polyacetal 
resin (n=1.5 to 1.6), polybutylenc-tcrephthalate resin (n=1.57). 
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polyethylene-tcrephthalate resin (n=1.58), and other thermoplastic or 
thermosetting resins as cellulose acetate resin (n=1.49), fluoride resins 
(n=1.4 to 1.5), polysulfone resin (n=l .63), polyethersulfone resin (n=1.45 
to 1.6), polymethylpentene resin (n=1.45 to 1.6), polyurethane resin 
5 (n=1.45 to 1.6), and diarylphthalate resin (n=1.45 to 1.6). In particular, 
polystyrene resin, acrylic resin, polymethylmethacrylate resin, 
polycarbonate resin, polyvinyichioride resin, polyethylene-terephthalatc 
resin, and polymethylpentene resin are preferred because of their favorable 
transparency. The plastic plate according to the present invention 
10 preferably has a thickness in the range of 0.5 mm to 5 mm in view of 

protection for the display device as weU as the mechanical strength and the 

ease of handling. 

The electromagnetic shielding assembly of the present invention 
comprises electromagnetic shielding bonding fihn and a plastic plate, and 

IG these components may be combined in any one of a number of ways. 
Figure 1 shows a perspective view (a) and a sectional view (b) of the 
electromagnetic shielding bonding film 4 which consists of a bonding 
agent layer 1 which flows under heat or pressure, a geometricaUy patterned 
clectroconductive metallic material layer 2, and plastic film 3. The 

20 electromagnetic shielding bonding film 4 may be direcUy formed on the 
surface of the screen 5 of a display device as illustrated in Figure 2(a) or 
may be formed on one side of a plastic plate 6 which is attached to the ^ 
screen 5 of a display device via a bonding agent applied to cither side of 
the assembly or via a mounting bracket as illustrated in Figure 2(b). 

25 Figure 2(c) shows an example of the electromagnetic shielding assembly 8 
which is formed by applying a bonding agent composition 7 containing an 
infrared absorbing agent which is described hereinafter on one side of a 
plastic plate 6 and electromagnetic shielding bonding film 4 on the other 
side of the plastic plate 6. Figure 2(d) shows an example of the 

30 electromagnetic shielding assembly 8 which is formed by applying a 

bonding agent composition 7 containing an infrared absorbing agent which 
is described hereinafter on one side of plastic film 3 which is attached to a 
plastic plate 6 via this bonding agent layer, and applying electromagnetic 
shielding bonding fdm 4 on the other side of the plastic plate 6. Figure 

35 2(e) shows an example of the electromagnetic shielding assembly 8 which 
comprises electromagnetic shielding bonding film 4 and a plastic plate 6, 
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and is attached to the screen 5 of a display device via a bonding agent layer 
9 which is formed on the surface of the electromagnetic sliielding bonding 
film 4. Figure 2(f) shows an example of the electromagnetic shielding 
assembly 8 which is formed by applying a bonding agent layer 9 on the 
surface of the plastic film of the electromagnetic shielding bonding film 4, 
and attaching another plastic plate 6 to the side of the electromagnetic 
shielding bonding film 4 carrying the geometrically patterned 
electroconductivc metallic material. An infrared blocking layer, anti- 
reflection layer, anti-glare layer and anti-scratch hard layer may be formed 
on any surface of the electromagnetic shielding bonding film or the 
electromagnetic shielding assembly. These are intended merely as 
exemplary, and other different embodiments are possible. It is also 
possible to attach the electromagnetic shielding bonding fihn on one side 
of a sheet of glass, and mount the glass sheet in front of a display screen 
with the glass surface facing outward. 

The electromagnetic shielding bonding film of the present 
invention essentially consists of a bonding agent layer which flows under 
heat or pressure, geometrically patterned electroconductivc metallic 
material, and plastic film. The elcctroconductive metallic material 
preferably consists of metal foil, and in such a case, the bonding surface of 
the metallic foil is typically made into a coarse surface so as to achieve a 
desired bonding strength. When the electroconductivc metallic material 
is geometrically patterned, the part of the tiurface of the bonding layer from 
which the elcctroconductive metallic material has been removed presents 
an irregular surface because the marks of the reverse surface of the 
electroconductivc metaUic material were imprinted on the surface of the 
bonding layer, and the resulting irregular reflection of visible light on the 
.<;urface may damage the transparency of the plastic .fihn. It may also the 
case that the surface of the plastic film may be intentionally given with an 
irregular texture by adding a small amount of filler with the aim of 
improving the molding result, and reducing the fi-iction of the film to 
facilitate the winding of the plastic fihn into a roll, and by applying a matte 
process to increase the bonding force of the bonding agent. The 
transparency of the plastic film may be thus damaged by the irregular 
surface texture in the part of the surface of the plastic film from which the 
electroconductive material has been removed or the plastic fihn itself due 



to the intentional surface roughening process to improve the bonding 
property and due to the imprinting of the surface texture of the reverse 
surface of the electroconductive metalh'c material. However, the bonding 
Jayer of the present invention fills such irregular surface textures, and in 
particular, when resin material having a refraction index close to that of the 
plastic film is smoothly coated over the surface, uregular surface reflection 
caji be minimized. Tlie imprinting of the marks on the reverse surface of 
the electroconductive metallic material on the film surface can be resolved 
by the flow of the bonding agent layer along the surface of the plastic film 
so that a transparency is regained, 'llie geometrically patterned, 
electroconductive metallic material on the film surface has such a small 
line width that it is virtually invisible to naked eyes. Also, because of tlie 
sufficient large spacing, an apparent transparency can be attained. 
However, the line spacing of the geometric pattern is sufficiently small 
than the wavelength of the electromagnetic radiation which is to be 
shielded so that a favorable shielding property can be achieved. 
<Example #A1> 

<Electromagnetic Shielding Bonding Film #A1 
and Electromagnetic Shielding Assembly #A1> 

The plastic film consisted of transparent polyeihylene-terephthalate 
(PET) film having the thickness of 50 ^m (marketed by Toyo Boseki KK 
under the tradename of A-4100, refraction index n = 1,575). Bonding 
Agent T-ayer #A1 containing an infrared absorbing agent which is 
described hereinafter was applied on one side of this plastic film to a 
prescribed dry thickness at room temperature by using an applicator, and 
was heated and dried at 90 *C for 20 minutes. An electrolytic copper foil 
having the thickness of 12 |jun serving as the electroconductive metallic 
material was laminated over the surface of Bonding Agent Layer #AI with 
its coarse surface facing the bonding layer, and was laminated by heating, 
under the condition of 180 and 30 kgfi^cm' to obtain PET film carrying 
copper foil as pJasric film carrying electroconductive material. 

The obtained PET film laminated with copper foil is subjected to a 
photo-lithographic process (including the steps of resist film coating, 
photographic exposure, photographic development, chemical etching, and 
resist film removal), and a copper grid pattern having the line width of 25 
^m and the line spacing of 250 fim was fpnned on the surface of the PET 
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film to obtain Electromagnetic Shielding Bonding Film #A1. The visible 
light transmission factor of Electromagnetic Shielding Bonding Film #A1 
was 20% or less. Thereafter. Electromagnetic Shielding Bonding Film 
#A1 was applied over the surface of commercially available acrylic plate 
5 (marketed by KK Kurarc under the tradename of Komoglass, thickness 3 
mm, n=1.49) by using a tliermal press, with the bonding layer facing the 
acrylic plate, under the temperature and pressure condition of 110 "C, 20 
kgf/cm^ and 15 minutes to obtain Electromagnetic Shielding Assembly 
#A1. 

10 Example #A1 consisted of Electromagnetic Shielding Assembly 

#A1 which was formed by combining Electromagnetic Shielding Bonding 
Film #A1 carrying Bonding Agent Layer #A1 at the dry thickness of 20 
jxm, and the plastic plate. 
< Composition of Bonding Agent Layer #A1> 

15 200 cc of toluen, 50 g of methylmethacrylate (MMA), 5 g of 

ethybnethacrylate (AMA), 5 g of acrylamide (AM) and 250 mg of AIBN 
were charged into a three neck flask of 500 cc capacity carrying a 
thennometer, a cooling tube and a nitrogen introduction tube, ai»d the 
mixture was stirred at 100 *C for three hours at reflux while bubbling with 

20 nitrogen. Following a precipitation process using methanol, the obtained 
polymer was filtered, and after a vacuum drying process, methacrylic acid 
ester was synthesized. Tlie yield dP 75 weight %. This consisted the 
main component of Boodiog Agent T^yer nAl. 
. methacrylic acid ester 

25 (MMA/EMA/AM = 88/9/3, Mw=700,000) 100 weight parts 

SIR- 159 (Infrared Absorbing Agent #A1; 

Mitsui Toatsu Kagaku KK) 0.5 weight parts 

30 toluen 450 weight parts 

elhyl acetate 10 weight parts 

After drying the solvent, the composition of Bonding Agent Layer 
35 #A1 had a refractive index of 1.48, and a softening temperature of 105 *C. 
<Example #A2> 



ocrciucn NOV I /• U 



03 3295 1145 



-18- 



<Electromagnetic Shielding Bonding Film #A2 
and Electromagnetic Shielding Assembly #A2> 

The plastic film consisted of transparent polyethylene-terephthalatc 
(PET) film having the thickness of 25 jxm. Bonding Agent Layer #A2 
5 containing an infrared absorbing agent which is described hereinafter was 
applied on one side of this plastic film to a prescribed dry thickness at 
room temperature by using an applicator, and was heated and dried at 90 
°C for 20 minutes. An aluminum foil having the thickness of 25 [im was 
laminated over the surface of Bonding Agent Layer #A2, and was 
XO laminated by heating, under the condition of 130 °C and 20 kgfypm^ to 
obtain PET film carrying aluminum foiJ. The obtained PET film 
laminated with aluminum foil is subjected to a photo-lithographic process 
similarly as Electromagnetic Shielding Bonding Film #A1 and 
Electromagnetic Shielding Assembly #A1, and an aluminum grid pattern 
1 5 having the line width of 15 jim and the line spacing of 125 fxm was formed 
on the surface of the PET film to obtain Electromagnetic Shielding 
Bonding Film #A2. The visible light transmission factor of 
Electromagnetic Shielding Bonding Film #A2 was 20% or less. 
Thereafter, Electromagnetic Shielding Bonding Film #A2 was applied over 

20 the surface of commercially available acrylic pJate (marketed by KK 
Kurare under the tradename of Komoglass, thickness 3 mm) by using a 
thermal press, with the bonding layer facing the acrylic plate, under the 
temperature and pressure condition of 120 ''Q 30 kgf/cm^ and 30 minutes 
to obtain Electromagnetic Shielding Assembly #A2. 

25 Example #A2 consisted of Electromagnetic Shielding Assembly 

#A2 which was formed by combining Electromagnetic Shielding Bonding 
Film ^A2 carrying Bonding Agent Layer #A2 at the dry thickness of 40 
^.m;. and the plastic plate. 
< Composition of Bonding Agent Layer #A2> 

30 TBA-HME (Hitachi Kasei Kogyo KK; 

high polymer epoxy resin, Mw=300,000) 100 weight parts 

UFP-HX (Infrared Absorbing Agent #A2; 
Sumitomo Kinzoku Kozan KK, 
36 rrO, average particle diameter 0.1 |JLm) 0.4 weight parts 
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]VtEK 330 weight parts 

cycJohexane 15 weight parts 

5 After drying the solvent, the composition of Bonding Agent Layer 

#A2 had a refractive index of 1.57, and a softening temperature of 79 °C. 
<ExampIe #A3> 

<Electropaagnetic Shielding Bonding Film #A3 
and Electrpmagnelic Shielding Assembly #A3> 

10 Bonding Agent Layer #A3 containing an infrared absorbijig agent 

which is described hereinafter was applied on one side of PET film having 
the thickness of 50 at room temperature by using an applicator, and 
was heated and dried at 90 "C for 20 minutes. Electroless nickel plating 
was formed over the surface of Bonding Agent Layer #A3 in a grid pattern 

15 by using a mask so as to achieve a line width of 10 ptm, a line spacing of 
100 \im and a line thickness of 1 ^im to obtain Electromagnetic Shielding 
Bonding Film #A3 consisting of PET film carrying nickel in a' grid pattern. 
The visible light transmission factor of Electromagnetic Shielding Bonding 
Film #A3 was 20% or less, lliereafter, Electromagnetic Shielding 

20 Bonding Film #A3 was applied over the surface of commercially available 
acrylic plate (marketed by KK Kurare under the tradename of Komoglass, 
thickness 3 mm) by using a roll laminator, with the bonding layer facing 
the acrylic plate, under the temperature and pressure condition of 110 "C, 
and 20kgfi'cm'^ to obtam Electromagnetic Shielding Assembly *A3. 

25 Example #A3 consisted of Electromagnetic Shielding Assembly 

#A3 which was formed by combining Electromagnetic Shielding Bonding 
Film #A3 carrying Bonding Agent Layer #A3 at the dry thickness of 5 \m, 
and the plastic plate. 

< Composition of Bonding Agent Layer #A3> 
.30 Pyron UR-1400 (Toyo Boseki KK, 

saturated polyester resin, Mw=40,000) 100 weight parts 

IRG-002 (Infrared Absorbing Agent #A3; 

Nihon Kayaku KK, aluminum compound) 1.2 weight parts 

35 

MEK 285 weight parts 
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cyclohexane 5 weight parts 

After drying the solvent, the coniposilion of Bonding Agent Layer 
5 #A3 had a refractive index of 1.55, and a softening temperature of 83 '^C 
< Hxample #A4> 

Poly acrylic acid ester which was the main component of Bonding 
Agent Layer #A1 was replaced with methyl raethacrylate (MMA)/ ethyl 
TTiethacrylate (AMA)/acryIamide (AM) - 85/10/5, and as a result of 
10 identical synthesis process poly acrylic acid ester of Mw=550,000 was 
obtained. Bonding Agent Layer #A3 had the same composition as 
Bonding Agent Layer #A1 besides this polyacrylic acid ester, and Example 
#A4 consisted of Electromagnetic Shielding Assembly #A4 which was 
formed identically as Example #A1 was formed from Electromagnetic 
15 Shielding Assembly #A1 and Electromagnetic Shielding Bonding Film 
#A4. After drying the solvent, the composition of Bonding Agent Layer 
#A4 had a refractive index of 1.47, and a softening temperature of 99 °C. 
< Example #A5> 

Polyacrylic acid ester which was the main component of Bonding 
20 Agent Layer #A1 of Example #A1 was replaced with polybutadiene 

elastomer (marketed by Idemitsu Sekiyu Kagaku KK under the tradename 
of Poly bd R-45HT) to obtain the composition for Bonding Agent Layer 
#A5, and Example #A5 consisted of Electromagnetic Shielding Assembly 
#A5 which was formed identically as Example #A1 except for this change 
25 in Bonding Agent Layer #A5. After drying the solvent, the composition 
of Bonding Agent Layer #A5 had a refractive index of 1.50, and a 
softening temperature of 61 "C. 
< Example #A6> 

Polyacrylic acid ester which was the main component of Bonding 
30 Agent Layer #A1 of Example #A1 was replaced with Pyron-200 (marketed 
by Toyo Boseki KK, Mn=15,000, linear saturated polyester resin) to obtain 
the composition for Bonding Agent Layer #A6, and Example #A6 
consisted of Electromagnetic Shielding Assembly #A6 which was formed 
was formed identically as Example #A1 except for this change in Bonding 
35 Agent Layer #A6, After drying the solvent, the composition of Bonding 
Agent Layer #A6 had a rejfractive index of 1.55, and a softening 
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temperature of 163 °C. 
<Example #A7> 

Example #A7 consisted of Electromagnetic Shielding ASvSembly 
#A7 which was identically prepared as Example #A2 except for that the 
5 plastic film consisted of polycarbonate film (50 fxm, n=1.58) instead of 
PET film (50 |xm) and the thickness of Bonding Agent Layer #A2 was 30 
Ijjn instead of 40 \xm. 
<Exaraple #A8> 

Example #A8 consisted of Electromagnetic Shielding Assembly 
10 #A8 which was identically prepared as Example #A3 except for that the 
line width was 30 fxm instead of 10 ^im, the line spacing was 500 [xm 
instead of 100 \im, and the bonding layer thickness was 10 instead of 5 
|xm. 

<Example #A9> 

15 Example #A9 consisted of Electromagnetic Shielding Assembly 

#A9 which was identically prepared as Example #A1 except for that the 
copper grid pattern formed on the PET film by the photo-lithographic 
process was darkened. 

20 <Comparative Example #A1> 

The composition for Bonding Agent Layer #A7 consisted of the 
following composition, and Comparative Example #A1 consisted of 
Eleclromagnctic Shielding Assembly #A10 made by using Bonding Agent 
Layer #A7. Polyacrylic acid ester was synthesized mider the same 

25 condi tion as that used for the main component of Bonding Agent Layer 
#A1 ofExample #A1 (BA: biitylacrylate, HEA: hydroxyethyacrylate) 
< Composition of Bonding Agent Layer #A7> 
polycrylic acid ester 

(MMA/BA/HEM = 85/10/5, Mw=550,000) 100 weight parts 

30 

Colonate L (Nihon Polyurethane Kogyo KK, 

3-functional isocyanate) 3.5 weight parts 



35 



SIR-159 (Infrared Absorbing Agent #A1; 
Mitsui Toatsu Kagaku KK) 



0.5 weight parts 
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toluen 



450 weight parts 



ethyl acetate 



10 weight parts 



5 After drying the solvent, the composition had a refractive index of 

1.48, and a softening temperahire of 200 "C or higher. 

< Comparative Example #A2> 

The composition for Bonding Agent Layer #A8 consisted of the 
foilowing composition, and Comparative Example #A2 consisted of 
10 Electromagnetic Shielding Assembly #A11 made by using Bonding Agent 
Layer #A8. Conditions were otherwise identical to those of Example 
#A2. 

< Composition of Bonding Agent T^yer #A8> 
YD-8125 (Toto Kasei Kogyo KK; 

15 bisphenol type A epoxy resin, Mw=300,000) 100 weight parts 



tPDI (Hitachi Kasei Kogyo KK; 
mask isophorone-di-isocyanate) 



■ 12.5 weight parts 



20 2-ethyI-4-methylimidazole 



0.3 weight parts 



25 



UFP-HX (Infrared Absorbing Agent #A2; 

Sumitomo Kinzolru Kozan KK, 

ITO, average particle' diameter 0.1 ^un) 

MEK (methyl-ethyl-ketone) 



0.4 weight parts 
330 weight parts 



cyclohcxanone 



15 weight parts 



30 After drying the solvent, the composition had a refractive index of 

1.57, cind a softening temperature of 200 "C or higher. 

<Comparative Example #A3> 

Pyron UR-14pO of Bonding Agent Layer #A3 of Example #A3 was 

replaced with phenol-formaldehyde resin (Mw=50,000) to obtain Bonding 
35 Agent Layer #A9. Comparative Example #A3 consisted of 

Electromagnetic Shielding Assembly #A12 made by using Bonding Agent 
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Layer #A9. Conditions were otherwise identicaJ to tiiose of Example 
#A2. After drying the solvent. Bonding Agent Layer #A9 has a re&active 
index of L73, and a softening temperature of 85 "C. 
<Comparative Exzimple #A4> 
6 Comparative Example #A4 consisted of Electromagnetic Shielding 

Assembly #A13 which was prepared identically as Example #A1 except 
for that the bonding layer thickness was 5 \im instead of 25 \un. 
<Comparative Example #A5> 

Comparative Example #A5 consisted of Electromagnetic Shielding 
10 Assembly i^A14 which was prepared identically as Example #A1 except 
for that the line spacing was 50 Mm instead of 250 pju. 
<Comparative Example #A6> 

Comparative Example #A6 consisted of Electromagnetic Shielding " 
Assembly #A15 which was prepared identically Example #A1 except for 
15 that the line width was 50 pan instead of 25 )Am and the line spacing was 
150 (xra instead of 250 ixm. 
<Comparative Example #A7> 

Comparative Example #A7 consisted of Electromagnetic Shielding 
Assembly #A16 which was prepared identically as Example #A2 except 
20 for that the infrared absorbing agent was removed firom Bonding Agent 
Layer #A2. 

<Comparative Example #A8> 

Comparative Example #A8 consisted of Electromagnetic Shielding 
Assembly #A17 which was prepared identically as Example #A1 except 

25 for that the electroconductive material consisted of ITO uniformly vapor 
deposited over the surface of the PET film to the thickness of 0.1 ixm 
(1,000 A) without geometric patterning, and the infrared absorbing agent 
was removed from the composition of Bonding Agent Layer #A1 which 
was directly applied to the surface of the electroconductive material. 

30 <Comparative Example #A9> 

Comparative Example #A9 consisted of Electromagnetic Shielding 
Assembly #A18 which was prepared identically as Example #A3 except 
for that polydimethylsiloxanc (Mw=45,000, n=1..43) was used as Bonding 
Agent Layer #A10. The conditions were otherwise identical to those of 

35 Example #A3. 

The aperture ratio of the geometric pattern of the electroconductive 
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metallic material formed over the electromagnetic shielding bonding film, 
EMI shielding perforaiance, visible light transmission factor, invisibility, 
infrared blocking ratio, and bonding force before and after heating wore 
actually measured, and the measured results are summarized in Tables 1 
5 and 2. 

The refractive index was measured by using a refraction meter 
(marketed by KK Atago Kogaku Kikai Seisakusho under the tradename of 
Abbe refraction meter) at the temperature of 25 ""C The aperture ratio of 
the geometric pattern of the electroconductive metallic material formed 
10 over the elftctromagnetic shielding bonding fDm was actually measured 
£rom the microscopic photograph. 

The EMI shielding performance was measured by placing the 
specimen between two flanges of a coaxial waveguide converter (marketed 
by Nihon Koshuha KK under the tradename of TWC-S-024), and using a 
15 spectro-analyzer (marketed by YHP under the tradename of 8510B Vector 
Network Analyzer) over the frequency range of 30 MHz to 1 GHz. 

The visible light transmission factor was measured as an average 
value of the transmission factor over the wavelength range of 400 to 700 
nm by using a double beam spcctro-photoanalyzer (marketed by KK 
20 Hitachi under the tradename of Type 200-10). 

The invisibility was measured by viewing the electromagnetic 
shielding assembly incorporated with the electromagnetic shielding 
bonding film at the distance of 0.5 m, and evaluating if the geometric 
pattern of the clectrocotiductivc metallic material was visible or not. The 
25 specimens were graded into "good" and "NG" depending on if the pattern 
was visible or not. 

The infrared blocking ratio was measured as an average value of 
the infrared absorption ratio for the wavelength range of 900 to 1,100 nm 
by using a spectrophotometer (marketed by KK Hitachi Seisakusho under 
30 the tradename of U-3410). The bonding force was measured by using a 
tensile strength testing machine (marketed by Toyo BaJdwin KK under the 
tradename of Tensilon UTM-4-100) with the width of 10 mm, 90 degree 
direction and peeling speed of 50 mm/minute. 
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According to Comparative Examples #A1 and #A2, the softening 
temperature of the bonding agent layer was 200 °C or higher, and because 
the bonding agent layer lacked fluidity, and was unable flow more than the 
thickness of the geometrically patterned electroconductive metallic 
5 material such as copper foil and aluminum foil, the bonding agent layer 
failed to closely attach to the plastic plate of the bonding object. As a 
result, the bonding force was inadequate. Also, the irregular surface 
texture imprinted on the surface of the bonding agent layer remamed 
permanently due to the lack of fluidity, and the resulting irregular 
10 dispersion of the transmission light causes a low visfcle transmisSMm 

factor. According to Comparative Example #A3, Bonding Agent Layer 
#A9 had a high refraction index of 1.73, and the excessive scattering of 
light at the interface between the bonding agent layer and the plastic plate 
resulted in a low visible light transmission factor. According to 
15 Comparative Example #A4, because the thickness of 5 of Bondmg 
Agent Layer #A1 was smaller than the thickness of 12 i^m of the copper 
foil a favorable attachment between Bonding Agent Layer #A1 and the 
plastic plate was achieved owing to the fluidity of Bonding Agent Layer 
#A1 but the failure to completely embed the electroconductive metallic 
20 material in the bonding agent layer resulted in a poor visible light 
transmission factor. According to Comparative Example #A5, a 
favorable EMI shielding was achieved owing to the line spacing of 50 jm, 
and a favorable invisibiHty was attained owing to the fine line width of 25 
fxm, but the narrow line spacing resulted in a p.oor visible light 
transmission factor due to the small aperture ratio of 25% which is 
substantially smaller than the desired minimum of 50%. According to 
Comp^ative Example #A6, a poor invisibility resulted because of the 
large line width of 50 |xm. According Comparative Example #A7 which 
used a bonding agent layer containing no infrared absorbing agent, a poor 
infrared blocking resulted. According Comparative Example #A8 which 
used ITO (indium-tin oxide) vapor deposited on PET film, the EMI 
shielding was poor. According Comparative Example #A9 which used 
Bonding Agent Layer 10 having the refractive index of 1.43 for the 
bonding agent layer, because of excessive scattering of light at the 
interface between the bonding agent layer and the plastic plate similarly as 
Comparative Example #A3, a poor visible light transmission factor 
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resulted. As opposed to these Comparative Examples, Examples of the 
present invention which are characterized by an electroconductivc metallic 
material layer which is geometrically patterned by micro-lithography so as 
to have an aperture ratio of 50% or more, and the bonding agent layer 
which has a softening temperatm-e of 200 "C or lower and a refractive 
index of 1.45 to 1.70, the bonding agent layer having a larger thickness 
than the electroconductivc metallic material, and containing an infrared 
absorbing agent, all the measured values were satisfactory. Particularly 
favorable cesults were obtained when the electroconductive metallic 
niaterial had a line width of 40 \im or less, a line spacing of 100 jxm or 
more and a line thickness 40 nm or less. The electromagnetic shielding 
assembly of Example #A9 using darkened copper allowed a high contrast 
and clear images to be viewed. 

Now is described another aspect of the present invention in which 
the bonding agent composition cures or solidifies by radiation of active 
radiation energies such as infrared or electron beam radiation, and is 
preferably cured after the electromagnetic shielding bonding film 
essentially consisting of geometrically patterned electroconductive 
material, a bonding layer, and plastic film is attached to a bonding object 
such as a display device or a plastic plate. It is also possible to allow the 
bonding agent layer to partly cure by active energy radiation before the 
bonding film is attached to the bonding object. In this case, the viscosity 
of the bonding agent layer after this partly curing process should be 10,000 
poise or less as measured by a rotary viscometer at 200 °C. This is 
because the bonding agent layer is required to retain a certain fluidity even 
after this partial curing process for the bonding agent layer to be capable of 
attaching to the bonding object. It is also possible that the bonding agent 
layer retains a certain fluidity and bonding property even after the bonding 
agent has fully cured. 

The bonding agent compositions which can be used for such a 
bonding agent layer which cures by active radiation energy such as 
ultraviolet or electron beam radiation energy include such base polymers 
as acrylic resin, epoxy resin, polyester resin, and urethane resin having 
radical polymerizing functional groups or cationic polymerizing function 
groups attached thereto. 

Such radical polymerizing functional groups may include carbon- 
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carbon double bond groups such as acrylic (acryloil) groups, methacryl 
(methacryloil) groups, vinyl groups, and aryl groups. In particular, 
acrylic (acryloil) groups are preferred because of their high reactivity. 
Such cationic polymerizing function groups typically consist of 
5 epoxy (glycidylethcr, glycidylamin) groups, and alicyclic epoxy groups are 
particularly preferred because of their high reactivity. Typical materials 
of this type include acryl-urethane, epoxy(metha)acrylate, epoxy denatured 
polyester, poly butadiene(metha)acry late, and acryl denatured polyester. 

When the active radiation energy consists of ultraviolet radiation, 
10 the photosensitizer or the photoinitiatior may consist of any known 

materials such as benzophenone, antraquinone, benzoin, sulfoniuin salt, 
diazonium salt, onium salt and halonium salt compounds. 

The. above materials may be mixed with common thermoplastic 
resins- Such thermoplastic resins may include dienes such as natural 
15 rubber (refraction index: n=1.52), polyisoprene (n=1.521), poly-1 ,2- 
butadiene (n=1.50), polyisobutane (n=1.505 to 1.51), polybutane 
(n=1.513), poly-2-heptyl-l,3-butadiene (n=1.50), poly-2-t-buty 1-1,3- 
butadicnc (n=1.506) and poly-1, 3-butadiene (n=1.515), poly ethers such as 
polyoxy-ethylcnc (n=1.456), polyoxy-propylene (n=l. 450), polyvinyl- 
20 ethylether (n=1.454), polyvinyl- hexylether (n=1.459) and polyvinyl- 

butylether (n=1.456), polyesters such as poly vinyl-acetate (n=1.467), and 
polyvinyl-propionete (n=1.467), polyurethane (n=1.5 to 1.6), 
ethylcellulose (n=1.479), polyvinyl-chloride (n=1.54 to 1.55), 
polyacrylonitrile (n=1.52), polymethacrylonitrile (n=1.52), polysulfone 
25 (n=1.633), polysulfide (n=1.6) phenoxy resin (n=1.5 to 1.6), and poly 
(metha) acrylic acid esters such as polyethyl-acrylate (n-1.4685), 
polybutyl-acrylate (n=1.466), poly-2-c;thylhexyl-acrylate (n=1..463), poly- 
t-butyl-acrylate (n=1.4638), poly-3-ethoxypropyl-acrylate (n=1.465), 
polyoxycarbonyl-tetramethacrylate (n=1.465), polymethyl-acrylate 
30 (n=1.472 to 1-480), polyisopropyl-methacrylate (n=l-473), polydodecil- 
methacrylate (n=1.474), polytetradecil-methacrylate (n= 1.475), poly-n- 
propyl-methacrylate (n=1.484), poly-3,3,5-trimethyl-cyclohexyl- 
methacrylate (n=1.484), polyethyl-methacrylate (n=1.485), poly-2-mtro-2- 
methylpropyl-methacrylate (n=1.487), poly-1, 1-diethylpropyl- 
35 methacrylate (n=1.489), and polymethyl-methacrylate (n=l,489). Two or 
more these acrylic polymers may be copolymerized, or may be mixed 
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togcthcr as required. 

Copolymers of acrylic resin and other resin materials may also be 
used, and they inlcude epoxyacrylatcs (n=1.48 to 1.60), urethaneacrylates 
(n=1.5 to 1.6), polyetheracrylates (n=l-48 to 1.49), and polyesteracrylates 
5 (n=1.48 to 1.54). In terms of bonding property, urethaneacrylates, 
epoxyacrylatcs and polyetheracrylates are particularly desirable. Such 
epoxyacrylates include (metha)acryHc acid derivatives such as 1,6- 
hexandiol-diglycidylether, neopenthylglycol-diglycidylether, arylalcohol- 
diglycidylether, resorcinol-diglycidylether, diglycidylester adipate, 

10 diglycidylester pbthalate, polyethyleneglycol-diglycidylesther, . 
trimethylolpropane-triglycidykther, glycerin- tiiglycidylether, 
pentaerythritol-tetraglycidylether, and sorbitol-tetraglycidylether. 
Epoxyacrylates are effective in improving bonding property as they 
contain hydroxyl groups in their molecules, and these copolymers can be 

15 used either individually or in combination. The softening temperature of 
the polymer that can be used for the bonding agent of the present invention 
is preferably 200 'C or lower for the convenience of handling, and is even 
more preferable if it 150 *C or lower. Because such electromagnetic 
shielding bonding film is normally used in the environments of 80 °C or 

20 lower, in view of the workability, the most preferred range of the softening 
temperature is 80 to 120 "C. The weight-average molecular weight of the 
main polymer in the bonding agent should he 500 or greater. If the 
molecular weight is less than 500, the cohesive force of the composition is 
so small that a satisfactory attachment to the object may not be achieved. 

25 A diluting agent, plasticizer, anti-oxidixatlon agent, filler, coloring 

agent, UV absorbing agent, and Viscosity increasing agent may be added to 
the bonding agent composition as required. 

The refractive index of the bonding agent layer which cures by 
active radiation energy is preferably in the range of 1.45 to 1.70. This is 

30 because if there is any significant difference in refraction index between 
the plastic film and the bonding agent which are used in the invention, and 
the bonding agent of the present invention and the bonding agent which is 
used for attaching electroconductive metallic material to the plastic film, 
the visible light transmission factor drops. However, if the refractive 

35 index is in the range of 1.45 to 1.70 such a drop in the visible light 

transmission factor can be avoided, and the polymers mentioned above all 
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fall within this range. 

According to present invention the electromagnetic shielding 
bonding film may essentially consists of a bonding agent layer which cures 
by active radiation energy, geometrically patterned electioconductive 
metallic material, and plastic film. The electroconducrive metallic 
material preferably consists of metal foil, and in such a case, the bondmg 
surface of the metallic foil is typically made into a coarse surface so as to 
achieve a desired bonding strength. When the electroconductive metalhc 
material is geometrically patterned, the part of the surface of the bondmg 
layer from which the electroconductive metallic material has been 
removed presents an irregular surface because the marks of the reverse 
surface of the electroconductive metallic material were imprinted on the 
surface of the bonding layer, and the resulting irregular reflection of 
visible light on the surface may damage the transparency of the plastic film. 
It may also the case that the surface of the plastic fihn may be intentionally 
given with an irregular texture by adding a small amount of filler with the 
aim of improving the molding result, and reducing the friction of the film 
to facilitate the winding of the plastic film into a roll, and by applying a 
matte process to increase the bonding force of the bonding agent. The 
transparency of the plastic film may be thus damaged by the irregular 
surface texture in the part of the surface of the plastic film from which the 
electroconductive material has been removed or the plastic film itself due 
to the intentional surface roughening process to improve the bondmg 
property and due to the imprinting of the surface texture of the reverse 
surface of the electroconductive metaUic material. However, the bondmg 
layer of the present invention which cures by active radiarion energy fills 
such irregular surface textures because it is highly fluid owing to the lack 
of any crosslinking or curing structure, and in particular, when resin 
material having a refraction index close to that of the plastic film is 
30 smoothly coated over the surface, irregular surface reflection can be 
minimized. Once the bonding agent layer cures by active energy 
f adiation, a highly heat-resistant bonding layer can be obtained. The 
geometrically panemed electroconductive metallic material on the film 
surface has such a small line width that it is virtually invisible to naked 
35 eyes. Also, because of the sufficient large spacing, an apparent 

transparency can be attained. However, the line spacing of the geometric 
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pattern is sufficiently small than the wavelength of the electromagnetic 
radiation which is to be shielded so that a favorable shielding property can 

be achieved. 
<Example #B1> 

<Electromagnetic Shielding Bonding Film #B1 
and Electromagnetic Shielding Assembly #B1> 

The plastic film consisted of transparent polyethylenc-terephtha^te 
(PET) film having the thickness of 50 \xm (marketed by Toyo Boseki KK 
under the tradename of A-4100, refraction index n = 1,575). Bondmg 
Agent Layer #B1 containing an infrared absorbing agent which is. 
described hereinafter was applied on one side of this plastic fihn to a 
prescribed dry thickness at room temperature by using an applicator, and 
was heated and dried at 90 X for 20 minutes. An electrolytic copper foil 
having the thickness of 12 H-m serving as the electrocondnctive metaUac 
material was laminated over the surface of Bonding Agent Layer #B1 with 
its coarse surface facing the bonding layer, and was laminated by heatmg, 
under the condition of 180 X and 30 kgf/cm^ to obtain PET film carrying 
copper foil as plastic film carrying electroconductive material. 

The obtained PET film laminated with copper foQ is subjected to a 
photo-lithographic process (including the steps of resist film coating, 
photographic exposure, photographic development, chemical etching, and 
resist film removal), and a copper grid pattern having the line width of 25 
urn and the line spacing of 250 pm was formed on the surface ofthe PET 
fdm to obtain Electroxnagnetic Shielding Bonding Film #B1 "Hic visible 
light transmission factor of ElectromagneHc Shielding Bonding Film #B1 
was 20% or less. Thereafter, Electromagnetic Shielding Bondmg Film 
#B1 wii applied over the surface of commerciaUy available acrylic plate 
(marketed by KK Kurare under the tradename of Komoglass, thickness 3 
mm, n=1 .49) by using a thermal press, with the bondmg layer tac"ig the 
acrylic plate, under the temperature and pressure condition of 110 C. 2U 
kgf/cm^ and 15 minutes, and the bonding agent layer was.causcd to cure by 
radiating infrared from the side of the PET film at the intensity of 3 J/cm 
by using an infrared radiating device to obtain Electromagnetic Shieldmg 

Assembly #B1. . „. . * ^uu. 

Example #B1 consisted of Elcctromagnebc Shieldmg Assembly 
#B1 which was formed by combining Electromagnetic Shielding Bondmg 



O: 329S 1145 



.33- 



Film #B1 canying Bonding Agenl Layer #B1 at the dry thickness of 20 

[xm, and the plastic plate. 

< Composition of Bonding Agent Layer #B1> 

Pyron BK-4103 (Toyo Boseki KK, 

acryl denatured polyester resin, Mn=40,000) 100 weight parts 

SIR-159 (Infrared Absorbing Agent #B1; 

Mitsui Toatsu Kagaku KK) 0-5 weight parts 

benzophenon (Wako Junyaku Kogyo KK) 5 weight parts 

tolucn 450 weight parts 

ethyl acetate 10 weight parts 

After drying the solvent, the composition of Bonding Agent Layer 
#B1 had a refractive index of 1.52, and a viscosity of 1 ,500 p6ise at 200 
*C. 

<Example #B2> 

<Electromagnetic Shielding Bonding Fihn #B2 
and Electromagnetic Shielding Assembly #B2> 

The plastic fUm consisted of transparent polyethylene-terephthalate 
(PET) film having the thickness of 25 \im. Bonding Agent Layer #B2 
containing an inJiared absorbing agent which is described hereinafter was 
applied on one side of this plastic film to a prescribed dry thickness at 
room temperature by using an applicator, and was heated and dned at 90 
°C for 20 minutes. An aluminum foil having the thickness of 25 urn was 
laminated over the surface of Bonding Agent Layer #B2, and was 
laminated by heating, under the condition of 130 "C and 20 k^cm to 
obtain PET film carrying aluminum foil. The obtained PET film 
laminated with aluminum foU is subjected to a photo-Hthographic process 
similarly as Electromagnetic Shielding Bonding Fihn #B1 and 
Electromagnetic Sluelding Assembly #B1, and an aluminum grid pattern 
having the line width of 15 ^m and the line spacmg of 125 m was formed 
on the surface of the PET film to obtain Electromagnetic Shielding 
Bonding Film #B2. The visible light transmission factor of 
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Electromagnetic Shielding Bonding Film #B2 was 20% or less. 
Thereafter, Electromagnetic Shielding Bonding Film #B2 was applied over 
the surface of commercially available acrylic plate (marketed by KK 
Kuraie under the tradename of Komoglass, thickness 3 mm) by using a 
5 thermal press, with the bonding layer facing the acrylic plate, under the 
temperatufe and pressure condition of 120 °C, 30 kgfi'cm^ and 30 minutes, 
and the bonding agent layer was caused to cure by radiating infrared from 
the side of the PHT film at the intensity of 3 J/cm^ by using an infrared 
radiating device to <^btain Electromagnetic Shielding Assembly #B2- 

10 Example #B2 consisted of Electromagnetic Shielding Assembly 

#B2 which was formed by combining Electromagnetic Shielding Bonding 
Film #B2 carrying Bonding Agent Layer #B2 at the dry thickness of 40 
\xm, and the plastic plate. 
< Composition of Bonding Agent Layer #B2> 

15 Pyron EP-2940 (Toyo Boseki KK, 

epoxy denatured polyester resin, Mn=40,000) 100 weight parts 

UFP-HX (Infrared Absorbing Agent ?^©2; 
Sumitomo Kinzoku Kozan KK, 
20 TTO, average particle diameter 0.1 |xm) 0.4 weight parts 

SiJacure UVI-6070 (Union Carbide Japan KK, 

aromatic sulfonium salt compound) 5 weight parts 

25 MEK 330 weight parts 

cycloh~exane 15 weight parts 

After drying the solvent, the composition of Bonding Agent Layer 
30 #B2 had a refractive index of 1.54, and a viscosity of 1,200 poise at 200 
"C. 

^Example #B3> 

<£lectromagnetic Shielding Bonding Film #B3 
and Electromagnetic Shielding Assembly #B3> 
35 Bonding Agent Layer #B3 which is described hereinafter was 

applied on one side of PET film having the thickness of 50 |xm at room 
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temperature by using an applicator, and was heated and dried at 90 *C for 
20 minutes. Electroless nickel plating was formed over the surface of 
Bonding Agent Layer #B3 in a grid pattern by using a mask so as to 
achieve a line width of 10 M-m, a line spacing of 100 |Lim and a line 
5 thickness of 1 \im to obtain Electromagnetic Shielding Bonding Film #B3 
consisting of PET fOm carrying nickel in a grid pattern. The visible light 
transmission factor of Electromagnetic Shielding Bonding Film #B3 was 
20% or less. Thereafter, Electromagnetic Shielding Bonding Film #B3 
was applied over the surface of commercially available acrylic plate 

10 (marketed by KK Kurare under the tradename of Komoglass, thickness 3 
mm) by using a roll laminator, with the bonding layer facing the acryKc 
plate, under the temperature and pressure condition of 110 "C, and 20 
kg^cm^, and the bonding agent layer was caused to cure by radiating 
infrared from the side of the PET film at the intensity of 3 J/cm^ by using 

15 an infrared radiating device to obtain Electromagnetic Shielding Assembly 
#B3. 

Example #B3 consisted of Electromagnetic Shielding Assembly 
#B3 which was formed by combining Electromagnetic Shielding Bonding 
Film #B3 carrying Bonding Agent Layer #B3 at the dry thickness of 5 jxm, 
20 and the plastic plate. 

< Composition of Bonding Agent Layer #B3> 
Polypeck R-45ACR-LC 
(Idemitsu Sekiyu Kagaku KK, 

acrylonitrile denatured polybuladiene resin) 100 weight parts 

25 

IRG-002 (Infrared Absorbing Agent #B3; 

Nihon Kayaku KK, aminium compound) 1.2 weight parts 



30 



benzopbenone (Wako Junyaku Kogyo KK) 5 weight parts 

285 weight parts 

cyclohexane 5 weight parts 



35 



After drying the solvent, the composition of Bonding Agent Layer 
#B3 had a refractive index of 1.55, and a viscosity of 70 poise at 200 *C. 
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< Example #B4> 

In Hlectromagnetic Shielding Bonding Film #B1 and 
Electromagnetic Shielding Assembly #B1 of Example #B1, benzophenone 
was removed from the composition of Bonding Agent Layer #B1 to obtain 
Bonding Agent Layer #B4 having the composition given bdow. An 
electron beam, instead of ultraviolet radiation, was applied to Bonding 
Agent Layer #B4 from the side the PET film at the intensity of 5 Mrad to 
cure the same and obtain Electromagnetic Shielding Bonding Him #B4. 

The composition of Bonding Agent Layer #B4 was applied to the 
dry thickness of 20 \xm. Example #B4 consisted of Electromagnetic 
Shielding Assembly #B4 which was prepared by combining 
Electromagnetic Shielding Bonding Film #B4 with an acrylic plate in the 
same way as with Electromagnetic Shielding Bonding Fihn #BL 

< Composition of Bonding Agent Layer #B4> 
Pyron BK-4103 (Toyo Boseld KK, 

acryl denatured polyester resin, Mn=40,000) 100 weight parts 

SIR-159 (Infrared Absorbing Agent #B1; 

Mitsui Toatsu Kagaku KK) 0.5 weight parts 



toluen 450 weight parts 

ethyl acetate 10 weight parts 

After drying the solvent, the composition of Bonding Agent Layer 
#B4 had a refractive index of 1.52, and a viscosity of 1,500 poise at 200 
"C. ~ 

< Example #B5> 

Bonding Agent Layer #B5 having the composition given below 
was applied to the dry thickness of 20 jim. Example #B5 consisted of 
Electromagnetic Shielding Assembly #B5 which was prepared by 
combining Electromagnetic Shielding Bonding Film #B5 with an acrylic 
plate in the same way as with Electromagnetic Shielding Bonding Film 
#B1 and Electromagnetic Shielding Assembly #B4. 

< Composition of Bonding Agent Layer #B5> 
BAC45 (Idemitsu SeMyu Kagaku KK, 
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direct acyloil denatured polybutadiene resin) 



1 00 weight parts 



IRG-002 (Infrared Absorbing Agent #B3; 
Nihon Kayaku KK, aminiura compound) 



1.2 weight parts 



MEK 



285 weight parts 



cyclohexane 



5 weight parts 



After drying die solvent, the composition of Bonding Agent Layer 
#B5 had a refractive index of 1.51, and a viscosity of 60 poise at 200 ^C. 
< Example #B6> 

Example #B6 consisted of Electromagnetic Shielding Assembly 
#B6 which was identically prepared as Example #B2 except for that the 
plastic film consisted of polycarbonate film (50 ij.to, n=1.58) instead of 
PET film (50 fxm) and the thickness of Bonding Agent Layer #B2 was 30 
ixm instead of 40 (xm. 
<Example #B7> 

Example #B7 consisted of Electromagnetic Shielding Assembly 
#B7 which was identically prepared as Example #B3 except for that the 
line width was 30 |Lim instead of 10 |im, the line spacing was 500 iJira 
instead of 100 [xm, and the bonding layer thickness was 10 |xm instead of 5 

<Example #B8> 

Example #B8 consisted of Electromagnetic Shielding Assembly 
#B8 which was identically prepared a.s Example #Bl except for that the 
copper grid pattern formed on the PET fihn by the photo-lithographic 
process was darkened. 
<Comparative Example #B1> 

Comparative Example #B1 consisted of an electromagnetic 
shielding assembly made by using Bonding Agent Layer #B1. No 
radiation of active radiation energy was used, but the conditions were 
otherwise identical to those of Example #B1. 
<Comparative Example #B2> 

Bonding Agent Layer #B7 was obtained by replacing Polypeck R- 
45ACR-L of the composition of Bonding Agent Layer #B3 with phenol- 
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fOTmaldehyde resin (Mw=50,000). No radiation of active radiation 
energy was used, but the conditions were otherwise identical to those of 
Example #B1 in obtaining Comparative Example #B2. 

After drying the solvent, the composition of Bonding Agent Layer 
5 #B7 had a refractive index of 1,73, and a viscosity of 300 poise at 200 °C 
<CompaTative Example #B3> 

Comparative Example #B3 consisted of an electromagnetic 
shielding assembly which was prepared identically as Example #B1 except 
for that thje bonding layer thickness was 5 [xm instead of 20 txm, and no 
10 radiation of active radiation energy was used. 
<Comparative Example #B4> 

Comparative Example #B4 consisted of an electromagnetic 
shielding assembly which was prepared identically as Example #B1 except 
for that the line spacing was 50 [xm instead of 250 [im, and no radiation of 
16 active radiation energy was used. 
<Comparative Example #B5> 

Comparative Example #B5 consisted of an electromagnetic 
shielding assembly which was prepared identically Example #B1 except 
for that the line width was 50 fxm instead of 25 |jm and the line spacing 
20 was 150 instead of 250 fxm, and no radiation of active radiation energy 
was used. 

<Comparative Example #B6> 

Comparative Example #B6 consisted of an electromagnetic 

shielding assembly which was prepared identically as Example #B2 except 
25 for that the infrared absorbing agent was removed from Bonding Agent 

Layer #B2, and no radiation of active radiation energy was used. 

<Compjarative Example #B7> 

Comparative Example #B7 consisted of an electromagnetic 

shielding assembly which was prepared identically as Example #B1 except 
30 for that the electroconductive material consisted of ITO uniformly vapor 

deposited over the surface of the PET film to the thickness of 0.1 pm 

(1^000 A) without geometric patterning, the infrared absorbing agent was 

removed from the composition of Bonding Agent Layer #B1 which was 

directly applied to the surface of the electroconductive material, and no 
35 radiation of active radiation energy was used, 

<Comparative Example #B8> 
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Comparative Example #B8 consisted of an electromagnetic 
shielding assembly which was prepared identically as Example #B3 except 
for that polydimethylsiloxane (Mw=45,000, n=1.43) was used as Bonding 
Agent Layer #B10. The conditions were otherwise identical to those of 

5 Example #B3. 

The aperture ratio of the geometric pattern of the electroconductive 
metallic material formed over the clectromHgnetic shielding bonding film, 
EMI shielding performance, visible light transmission factor, invisibility, 
infrared blocking ratio, and bonding force before and after heating were 
10 actually measured, and the measured results are summarized in Tables 3 
and 4. 

The refractive index was measured by using a refraction meter 
(marketed by KK Atago Kogaku BCikai Seisakusho under the tradename of 
Abbe refraction meter) at the temperature of 25 "*C The aperture ratio of 

1 5 the geometric pattern of the electroconductive metallic material formed 
over the electromagnetic shielding bonding film was actually .measured 
from the microscopic photograph. 

The EMI shielding performance was measured by placing the 
specimen between two flanges of a coaxial waveguide cpuverler (marketed 

20 by Nihon Koshuha KK under the tradename of TWC-S-024), and using a 
spectro-analyzer (marketed by YHP under the tradename of 8510B Vector 
Network Analyzer) over the frequency range of 30 MHz to 1 GHz. 

The visible light transmission factor was measured as an average 
value of the transmission factor over the wavelength range of 400 to 700 

25 nm by using a double beam spectro-photoanalyzer (marketed by KK 
Hitachi under the tradename of Type 200-10). 

"The invisibility was measured by viewing the electromagnetic 
shielding assembly incorporated with the electromagnetic shielding 
bonding film at the distance of 0.5 m, and evaluating if the geometric 

SO pattern of the electroconductive metallic material was visible or not. The 
specimens were graded into "good" and "NG" depending on if the pattern 

Was visible or not. 

The infrared blocking ratio was measured as an average value of 
the infrared absorption ratio for the wavelength range of 900 to 1,100 nm 
35 by using a spectrophotometer (marketed by KK Hitachi Seisakusho under 
the tradename of U-341 0). The bonding force was measured by using a 



tensOe strength testing machine (marketed by Toyo Baldwin KK under the 
tradename of Tensilon UTM-4-100) with the width of 10 mm, 90 degree 
direction and peeling ispeed of 50 mm/minutc. 
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Comparative Example #B1 lacked the bonding fwrce at 80 "C 
because the bonding agent layer was not crosslinked. According to 
Comparative Example #B2, the refractive index of Bimding Agent Layer 
was as high as 1.73 so that the resulting scattermg of light at the interface 
5 between the bonding agent layer and the plastic plate resulted in a poor 
visible light transmission factor. According to Comparative Example 
#B3, because the thickness of 5 iim of Bonding Agent Layer #B1 was 
smaller than the thickness of 12 jxm of the copper foil, a favorable 
attachmejit between Bonding Agent Layer #B1. and the plastic plate was 

10 achieved owing to the fluidity of Bonding Agent Layer #B1, but the failure 
to completely embed the electroconductive metallic material in the 
bonding agent layer resulted in a poor visible light transmission factor. 
According to Comparative Example #B4, a favorable EMI shielding was 
achieved owing to the line spacing of 50 iim, and a favorable mvisibility 

15 was attained owing to the fine line width of 25 fjun, but the narrow line 
spacing resulted in a poor visible light transmission factor due to the small 
aperture ratio of 25% which is substantially smaller than the desired 
minimum of 50%. According to Comparative Example #B5, a poor 
invisibility resulted because of the large Ime width of 50 (Am. According 

20 Comparative Example #B6 which used a bonding agent layer containing 
no infrared absorbing agent, a poor infrared blocking resulted. According 
Comparative Example mi which used ITO (indium-tin oxide) vapor 
deposited on PET film, the EMI shielding was poor. According 
Comparative Example #B8 which used Bonding Agent Layer 10 having 

26 the refractive index of 1.43 for the bonding agent layer, because of 

excessive scattering of light at the interface between the bonding agent 
layer and the plastic plate similarly as Comparative Example #B3, a poor 
visible light transmission factor resulted. As opposed to these 
Comparative Examples, Examples of the present invention which are 

30 characterized by an electroconductive metallic material layer which is 
geometrically patterned by micro-lithography so as to have an aperture 
ratio of 50% or more, and the bonding agent layer which cures by active 
radiation energy and has a refractive index of 1.45 to 1.70, the bonding 
agent layer having a larger thickness than the electroconductive metallic 

35 material, and containing an infrared absorbing agent, all the measured 
values were satisfactory. Particularly favorable results were obtained 



when the electroconductive metallic material had a line width of 40 \im or 
less, a line spacing of 100 (im or more and a line thickness 40 \xm or less. 
Although it is not shown in the tables, the bonding agent layer was so fluid 
that inclusion of aii during the process of forming the electromagnetic 
shielding assembly from the electromagentic shielding bonding film and 
the plastic plate was minimized, and favorable results were obtained. 
Once the bonding agent layer cures by the radiation of the active radiation 
energy through a crosslinking process, a highly heat-resistant layer can be 
obtained. , The electromagnetic shielding assembly of Example #B8 
using darkened copper allowed a high contrast and clear images to be 
viewed. 

According to yet another aspect of the present invention, the 
bonding agent layer may consist of a bonding agent composition which 
cures or solidifies by heat through crosslinking of the resin and the 
crosslinking/curing agent by forming a three-dimensional mesh structure. 

In this case, the electromagnetic shielding bonding film which 
essentially consists of geometrically patterned electroconductive material, 
a thermosetting bonding layer, and plastic film is required to be attached to 
a bonding object such as a display device or a plastic plate. To this end, 
it is necessary for the bonding agent to be able to Qow. Preferably, the 
bonding agent layer can be attached to the bonding object by flowing at 
room teraperanire or at an elevated temperature. It is then necessary after 
attachment or at the same time as the attachment for the bonding agent 
layer to crosslink and cure by heat. The bonding agent is required to be 
fluid at the time of attachment, and it requires the cure index to be less 
than 60%. Bonding agent compounds which have already crosslinked or 
cured can also be used if they mm fluid and become adhesive by heating 
or pressing. Any material which demonstrate a viscosity of 10,000 poise 
at 200 °C can be u.<:ed. 

The thermosetting bonding agent layer of the present invention 
may be obtained by dissolving or dispersing a bonding agent compound in 
a solvent in the form of varnish, and applying and drying such varnish over 
the surface of such support members as plastic film and metalhc foil. 
During the drying process, the bonding agent compound is heated and 
crosslinking/curing due to heating progresses to a certain extent. If the 
crosslinking/curing progresses too far, the fluidity of the bonding agent 



Jayer would be lost. I'hereforc. the fluidity of the bonding agent layer 
must be maintained by appropriately controlling various conditions. As 
such a condition, the cure index of the bonding agent layer should be less 
than 60%. The cure index may be measured by using a DSC (differential 
5 scanning calorimeter). 

The DSC (differential scanning calorimetry) is based on the 
principle of supplying and removing heat so as to eliminate a difference in 
temperature within a prescribed temperature range between the sample and 
a reference sample which does not involve any heat generation and 
3 absorption, and can be carried out by using a commercially available 
system. The curing of a thermosetting bonding agent layer is a heat 
exothermic reaction, and generates heat as it is heated at a constant 
temperature increase due to its own chemical reaction. The amount of 
heat generation is charted, and the area surrounded by a base line and the 
; exothemiic curve gives the amount of heat generation. The amount of 
heat generation is measured by heating the sample to 200 "C at the rate of 
5 to 10 "C per minute. This can be carried out automatically by using a 
suitable measuring device. Then, the varnish of the bonding agent is 
applied to the support member, and the amount of heat generation from the 
sample during the drying process can be obtained as described in the 
following. First of all, by using a vacuum dryer at 25 "C, the total heat 
generation of the sample which has not cro.sslinked or cured, but has 
completely dried of the solvent is measured, and is assumed to be A (J/g). 
Then, the heat generation from the applied and dried sample is measured, 
and is assumed to be B (J/g). The aire index C (%) of the sample (after 
the heat generation ended after heating and drying) is given by the 
following formula. 

C (%) = (A - B) X 100 /A 

When the cure index is less than 60%, the mesh structure has not 
fully developed, and the bonding agent layer, still retaining some fluidity, 
can be attached to the bonding object. On the other hand, when the cure 
index is 60% or greater, the fluidity of the bonding agent is small, and the 
b(jnding agent therefore loses adhering property. 

Such thermosetting resins may include natural mbber, isoprene 
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rubber, chloroprene rubber, polyisobutylenc, butyl rubber, butyl halide, 
acrylonitrile-butadiene rubber, styrene-butadiene rubber, polyisobutane, 
carboxy rubber, neoprene, and polybutadiene in combination with ssuch 
crosslining agents as sulfur, aniline-formaldehyde resin, urea- 
formaldehyde resin, phenol-formaldehyde resin, xylene-formaldehyde 
resin, raelamine-formaldehydc resin, epoxy resin, urea resin, aniline resin, 
melamine resin, phenol resin, formalin resin, metal oxide, metal chloride, 
oxime, and aUcyl-phenol resin. To the end of speeding up the 
crosslinking reaction, additives such as common vulcanizers may be used. 

A curing reaction can be achieved by combining resins having such 
functional groups as carboxyl groups, hydroxy] groups, epoxy groups, 
amino groups, and unsaturated hydrocarbon groups with curing agents 
having such functional groups as epoxy groups, hydroxyl groups, amino 
groups, amide groups, carboxyl groups and thiol groups, with curing 
agents such as metal chlorides, isocyanatcs, anhydrous acids, metal oxides, 
and peroxides. To the end of speeding up the curing reaction, additives 
such as common catalysts may be used. More specifically, such catalysts 
may include acrylic resins (n=1.45 to 1.47), unsaturated polyester resins 
(n=1.52 to 1.54), saturated polyester resins (n=1..52 to 1.54), 
diarylphthalate resins (n=1.57), epoxy resins (n=1.55 to 1.60), furan resins 
(n=1.55) and polyurethane resins (n=1.5 to 1.6). 

In addition to the above mentioned materials, conmaon 
thermoplastic resins may be blended. 

Such thermoplastic resins may include dienes such as natural 
mbber (refraction index: n=l_52), polyisoprene (n=1.521), poly-1,2- 
butadiene (n=l-50), polyisobutane (n=1.505 to 1.51), polybutane 
(n=1.513), poly-2-heptyl-l,3-butadiene (n=1.50), poly-2-t-butyI-l,3- 
butadiene (n=1.506) and poIy-l,3-butadiene (n=1.515), polyethers such as 
polyoxy-ethylene (n=1.456), polyoxy-propylene (n=1.450). polyvinyl- 
elhylethef (n=1.454), polyvinyl- hexylether (n=1.459) and poiyvinyl- 
butylether (n= 1.456), polyesters such as poly vinyl-acetate (n= 1.467), and 
polyvinyl-propionete (n=1.467), polyurethane (n=1.5 to 1.6), 
ethylcellulose (n=1.479), polyvinyl-chloride (n=1.54 to 1.55), 
polyacrylonitrile (n=1.52), polyraethacrylonitrile (n=1.52), polysulfonc 
(n=1.633), polysulfide (n=1.6) phenoxy resin (n=1.5 to 1.6), and poly 
(metha) acrylic acid esters such as polyethyl-acrylate (n=1.4685). 
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polybutyl-acrylate Cn= 1.466), poly-2-cthyIhexyl-aciylale (n=1.463), poly- 
t-butyl-acrylate (n=1.4638), poly-3-ethoxypropyl-acrylate (n=1.465), 
polyoxycarbonyl-tetraraethacrylatc (n=1.465), polymethyl-acrylate 
(n=1.472 to 1.480), polyisopropyJ-methaciyJate (n=1.473), polydodecil- 
methacrylate (n-1.474), polytetradecil-methacrylate (n=1.475), poly-n- 
propyl-methacrylate (n= 1.484), poly-3,3,5-trimethyI-cycJohexyl- 
methacrylatc (n=1.484), polyethyl-methacrylate (n=1.485), poly-2-nitro-2- 
methylpropyi-methacrylatc (n=1.487), poly-l,l.-diethylpropy]- 
racthacryjate (n=1.489), and polymethyl-methacrylate (n=1.489). Two oi 
more these acrylic polymers may be copolymerized, or may be mixed 
together as required. 

Copolymers of acrylic resin and other resin materials may also be 
used, and they inlcude epoxyacryiates (n=1.48 to 1.60), urethaneacrylates 
(n=1.5 to 1.6), polyetheracrylates (n=1.48 to 1.49), and polyestcracrylates 
(n=1.48 to 1.54). In terms of bonding property, urethancaciylatevS, 
epoxyacryiates and polyetheracrylates are particularly desirable. Such 
epoxyacryiates include (metha)acTylic acid derivatives such a.s 1,6- 
hexandiol-diglycidylether, neopcnthylglycol-diglycidylether, arylalcohol- 
diglycidylether, resorcinol-diglycidylether, diglycidylester adipate, 
diglycidyJester phthalatc, polyethyleneglycol-diglycidylesther, 
trimethylolpropane-triglycidylether, glycerin- triglycidy lether, 
pentaerythritol-tetraglycidylether, and sorbitol-tetraglycidylether. 
Epoxyacryiates are effective in improving bonding property as they 
contain hydroxyl groups in their molecules, and these copolymers can be 
used either individually or in combination. The softening temperature of 
the polymer that can be used for the bonding agent of the present invention 
is preferably 200 "C or lower for the convenience of handling, and is even 
more preferable if it 150 "C or lower. Because such electromagnetic 
shielding bonding film is normally used in the environments of 80 *C or 
lower, in view of the workability, the most preferred range of the softening 
temperature is 80 lo 120 "C. The weight-average molecular weight of the 
main polymer in the bonding agent should be 500 or greater. If the 
molecular weight is less than 500, the cohesive force of the composition is 
so small that a satisfactory attachment to the object may not be achieved. 

A diluting agent, plasticizer, anti-oxidixation agent, filler, coloring 
agent, UV absorbijig agent, and viscosity increasing agent may be added to 
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the bonding agent composition as required. 

The refractive index of the bonding agent layer consisting of 
thermosetting resin is preferably in the range of 1.45 to 1.70. This is 
because if there is any significant difference in refraction index between 
; the plastic film and the bonding agent which are used in the invention, and 
the bonding agent of the present invention and the bonding agent which is 
used for attaching electroconductive metallic material to the plastic film, 
the visible light transmission factor drops. However, if the refractive 
index is in the range of 1.45 to 1.70 such a drop in the visible light 
transmission facto can be avoided, and the polymers mentioned above all 
fall within this range. 

The electromagnetic shielding bonding film of the present 
invention essentially consists of a bonding agent layer consisting of 
thermosetting resin, geometrically patterned electroconductive metallic 
material, and plastic film. The electroconductive metallic material 
preferably consists of metal foil, and in such a case, the bonding surfece of 
the metallic foil is typically made into a coarse surface so as to achieve a 
desired bonding strength. When the electroconductive metallic material 
is geometrically patterned, the part of the surface of the bonding layer from 
which the electroconductive metallic material has been removed presents 
an irregular surface because the marks of the reverse surface of the 
electroconductive metallic material were imprinted on the surface of the 
bonding layer, and the resulting irregular reflection of visible h'ght on the 
surface may damage the transparency of the plastic film. It may also the 
case that the surface of the plastic film may be intentionally given with an 
iiregujar texture by adding a sraaiU amount of filler with the aim of 
improving the molding result, and reducing the friction of the film to 
facilitate the winding of the plasric fihn into a roll, and by applying a matte 
process to increase the bonding force of the bonding agent. The 
transparency of the plastic film may be thus damaged by the irregular 
surface texture in the part of the surface of the plastic film from which the 
electroconducrive material has been removed or the plajjtic film itself due 
to the intentional surface roughening process to improve the bonding 
property and due to the imprinting of the surface texture of the reverse 
surface of the electroconductive metaUic material. However, the bonding 
layer of the present invention consisting of thermosetting resin fills such 
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irregular jjurface textures because ii is highly fluid owing to the lack of any 
crosslinking or curing structure, and in particular, when resin material 
having a refraction index close to that of the plastic film is smoothly 
coated over the surface, irregular surface reflection can be minimized. 
5 Once the bonding agent layer cures by active energy radiation, a highly 
heat-resistant bonding layer can be obtained. The geometrically 
patterned electroconductive metallic material on the film surface has such 
a small line width that it is virtually invisible to naked eyes. Also, 
because of the sufficient large spacing, an apparent transparency can be 
10 attained. However, the line spacing of the geometric pattern is . 

sufficiently small than the wavelength of the electromagnetic radiation 
which is to be shielded so that a favorable shielding property can be 
achieved. 

The present invention is described in the following in terms of 
15 preferred embodiments, but is not limited by these embodiments. 
<Exaraple #C1> 

<Electromagnetic Shielding Bonding Film #C1 
and Electromagnetic Shielding Assembly #C1> 

The plastic JBlm consisted of transparent polyethylene-terephthalate 

20 (PET) film having the thickness of 50 ^m (marketed by Toyo Boseki KK 
under the tradename of A-4100, refraction index n = 1,575). Bonding 
Agent Layer #C1 containing an infirared absorbing agent which is 
described hereinafter was applied on one side of this plastic jQlm to a 
prescribed dry thickness at room temperature by using an applicator, and 

25 was heated and dried at 90 for 5 minutes. An electrolytic copper foil 
having the thickness of 12 ^im serving as the electroconductive metallic 
material was laminated over the surface of Bonding Agent Layer #C1 with 
its coarse surface facing the bonding layer, and was laminated by heating, 
under the condition of 90 °C and 10 kg^cm* to obtain PET fUm carrying 

.30 copper foil as plastic fiJtn carrying electroconductive material. 

The obtained PET film laminated with copper foil is subjected to a 
{ihoto-lithographic process (including the steps of resist film coating, 
photographic exposure, photographic development, chemical etching, and 
resist film removal), and a copper grid pattern havmg the line width of 25 

35 (xm and the line spacing of 250 ^m was formed on the surface of the PET 
fihn to obtain Electromagnetic Shielding Bonding Film #C1. The visible 
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light transmission factor of Electromagnetic Shielding Bonding Film #C1 
was 20% or less. Thereafter, Electromagnetic Shielding Bonding Film 
#C1 was applied over' the surface of commercially available acrylic plate 
(marketed by KK Kurare under the tradename of Komoglass, thickness 3 
ram, n=1.49) by using a thermal press, with the bonding layer facing the 
acrylic plate, under the temperature and pressure condition of 110 °C, 20 
kgf/cm^ and 15 minutes to obtain Electromagnetic Shielding Assembly 
#C1. 

Exgimple #C1 consisted of Electromagnetic Shielding Assembly 
#C1 which was formed by combining Electromagnetic Shielding Bonding 
F ilm #C1 carrying Bonding Agent Layer #C1 at the dry thickness of 20 
fxm, and the plastic plate. 
< Composition of Bonding Agent Layer #C1> 
Pyron 200 (Toyo Boscki KK, 

saturated polyester resin, Mn=20,000) 100 weight parte 



SrR-159 (Infrared Absorbing Agent #C1; 
Mitsui Toatsu Kagaku KK, 

metallic complex compound) 0.5 weight parts 

Sumijule N (Sumitomo Bayer Urethane KK, 

aliphatic three function isocyanate) 5 weight parts 

toluen 450 weight parts 



ethyl acetate ' 10 weight parts 

After drying the solvent, the composition of Bonding Agent Layer 
#C1 had a refractive index of 1.54, and the DSC cure index before curing 
(after lamination) was 10 %. 
<Example #C2> 

<Electromagnetic Shielding Bonding Film #C2 
and Electromagnetic Shielding Assembly #C2> 

The plastic film consisted of transparent polyethylene-terephlhalate 
(PET) film having the thickness of 25 ^ira. Bonding Agent Layer #C2 
containing an infrared absorbing agent which is described hereinafter was 
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applied on one .side of this plastic film to a prescribed dry thickness at 
room temperature by using an applicator, and was heated and dried at 90 
'^C for 20 minutes. An aluminum foil having the thickness of 25 pro was 
laminated over the surface of Bonding Agent Layer #C2, and was 
5 laminated by heating, under the condition of 100 ""C and 10 kgf/cra^ to 
obtain PET film carTying aluminum foil. The obtained PET film 
laminated with aluminum foil is subjected to a photo-lithographic process 
similarly as Electromagaetic Shielding Bonding Film #C1 and 
Electromagnetic Shielding Assembly #Cl, and an aluminum grid pattern 
10 having the line width of 15 \xm and the line spacing of 125 fjim was formed 
on the surface of the PET film to obtain Electromagnetic Shielding 

Bonding Film #C2. The visible light transmission factor of 

Electromagnetic Shielding Bonding Film #C2 was 20% or less. 

Tliereafter, Electromagnetic Shielding Bonding Fihn #C2 was applied over 
15 the surface of commercially available acrylic plate (marketed by KK 

Kurare under the tradename of Komoglass, thickness 3 mm) by using a . 

thermal press, with the bonding layer facing the acrylic plate, under the 

temperature and pressure condition of 120 ""C, 30 kgf/cm^ and 30 minutes 

to obtain Electromagnetic Shielding Assembly #C2. 
20 Example #C2 consisted of Electromagnetic Shielding Assembly 

#C2 which was formed by combining Electromagnetic Shielding Bonding 

Film #C2 carrying Bonding Agent Layer #C2 at the dry thickness of 40 

\im, and the plastic plate. 

< Composition of Bonding Agent Layer #C2> 
25 VM-D Medium (Dainich Seika Kogyo KK, 

vinylchloride, vinylacetate, acyfic acid 

three-element copolymer) 1 00 weight parts 

UFP-HX (Infrared Absorbing Agent #C2; 
SO Sumitomo Kinzoku Kozan KK, 

no, average particle diameter 0.1 ^m) 0.4 weight parts 



35 



Sumijulc N (Sumitomo Bayer Urethane KK, 
aliphatic three function isocyanate) 



MEK 



5 weight parts 
330 weight parts 
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cyclohexane 15 weight parts 

After drying the solvent, the composition of Bonding Agent Layer 
5 #C2 had a refractive index of 1.51, and the DSC cure index before curing 
(after lamination) was 15 %. 
<Example #C3> 

<Electromagnetic Shielding Bonding Film #C3 
and Electromagnetic Shielding Assembly #C3> 

10 Bonding Agent Layer #C3 which is described hereinafter was 

applied on one side of PET film having the thickness of 50 \xm at room 
temperature by using an applicator, and was heated and dried at 90 "C for 
5 minutes. Electroless nickel plating was formed over the surface of 
Bonding Agent Layer #C3 in a grid pattern by using a mask so as to 

15 achieve a line width of 10 jxm, a line spacing of 100 ^im and a line 

thickness of 1 pim to obtain Electromagnetic Shielding Bonding Film #C3 
consisting of PET film carrying nickel in a grid pattern. The visible light 
transmission factor of Electromagnetic Shielding Bonding Film #C3 was 
20% or less. Thereafter, Electromagnetic Shielding Bonding Film #C3 

20 was applied over the surface of commercially available acrylic plate 

(marketed by KK Kurare under the tradename of Komoglass, thickness 3 
mm) by using a roll laminator, with the bonding layer facing the acrylic 
plate, under the temperature and pressure condition of 110 "C, and 20 
kgf'cm^ to obtain Electromagnetic Shielding Assembly #C3. 

25 Example #C3 consisted of Electromagnetic Shielding Assembly 

#C3 which was formed by combining Electromagnetic Shielding Bonding 
Film #C3 carrying Bonding Agent T^yer #C3 at the dry thickness of 5 [im, 
and the plastic plate. 

< Composition of Bonding Agent Layer #C3> 
30 S-1005 (Toa Gosei Kagaku Kogyo KK, 

acrylic resin) 100 weight parts 

IRG-002 (Infrared Absorbing Agent #C3; 

Nihon Kayaku KK, aminium compound) 1 .2 weight parts 

36 

Sumijule N (Sumitomo Bayer Urethane KK, 
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aliphatic three function isocyanate) 5 weight parts 

l^gj^ 285 weight parts 

5 cyclohexane 5 weight parts 

After drying the solvent, the composition of Bonding Agent Layer 
#C3 had. a refractive index of 1.50, and the DSC cure index before curing 
(after lamination) was 5 %. 

10 < Example #C4> 

The composition of Bonding Agent Layer #C4 was applied to the 
dry thickness of 20 Jim. Example #C4 consisted of Electromagnetic 
Shielding Assembly #C4 which combined Electromagnetic Shielding 
Bondmg Film #C4, prepared in the same way as with Electromagnetic 

15 Shielding Bonding Film #Cl, with an acrylic plate. 
< Composition of Bonding Agent Layer #C4> 

Vistanex MML-140 (Toncx KK, polyisobutylene) 100 weight parts 



20 



25 



IRG-002 (Infrared Absorbing Agent #C3; 

Nihon Kayaku KK, aminium compound) 1.2 weight parts 

zinc oxide (Sakai Kagaku Kogyo KK) 5 weight parts 

MEK weight parts 

cyclohexane 5 weight parts 



After drying the solvent, the composition of Bonding Agent Layer 
#C4 had a reJfractive index of 1 .45, and the DSC cure index before curing 
30 (after lamination) was 3 %. 

< Example #C5> 

Bonding Agent Layer #C5 having the composition given below 
was applied to the dry thickness of 20 ^im. Example #C5 consisted of 
Electromagnetic Shielding Assembly #C5 which was combined 
35 Electromagnetic Shielding Bonding Film #C5, prepared in the same way 
as with Example #C1, with an acrylic plate. 
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< Composition of Bonding Agent Layer #C5> 
VR-103 (Mitsui DuPont Polychemical KK, 
anhydrous maleic acid denatured EVA, 
vinyl acetate denaturing ratio 30 weight %) 



100 weight parts 



IRG-002 (Infrared Absorbing Agent PCS; 
Nihon Kayaku KK, aminium compound) 



1.2 weight parts 



Sumijule'N (Sumitomo Bayer Urethane KK, 
aliphatic tliree function isocyanate) 



5 weight parts 



MEK 



285 weight parts 



cyclohexane 



5 weight parts 



After drying the solvent, the composition of Bonding Agent Layer 
#C5 had a refractive index of 1.47, and the DSC cure index before curing 



< Example #C6> 

Example #C6 consisted of Electromagnetic Shielding Assembly 
#C6 which was identically prepared as Example #C1 except for that the 
dry thickness of Bonding Agent Layer #06 was 20 fim. 

< Composition of Bonding Agent Layer #C6> 
Epicoat TL-983U (Yuka SheD Epoxy KK, 
bisphenol type F epoxy resin, 

cpoxy equivalent 170) 100 weight parts 

SIR-159 (Infrared Absorbing Agent #C1; 

Mitsui Toatsu Kagaku KK), 0-5 weight parts 

Sumijule N (Sumitomo Bayer Uretliane KK, 



(after lamination) was 10 %. 



aliphatic three function isocyanate) 



5 weight parts 



toluen 



450 weight parts 



ethyl acetate 



10 weight parts 
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After drying the solvent, the composition of Bonding Agent Layer 
#C6 had a refractive index of 1.49, and the DSC cure index before curing 
(after lamination) was 5 %. 

5 <Example #C7> 

Example #C7 consisted of Electromagnetic Shielding Assembly 
#C7 which was identically prepared as Example #C2 except for that the 
plastic film consisted of polycarbonate film (50 [im, n=1.58) instead of 
PET film (50 urn) and the thickness of the bonding agent layer was 20 m 
10 instead of 30 fxm. 
<Example #C8> 

Example #C8 consisted of Electromagnetic Shielding Assembly 
#C8 which was identically prepared as Example #C3 except for that the 
line width was 30 \xm instead of 10 |im, the line spacing was 500 lan 
15 instead of 100 jim, and the bonding layer thickness wa.*; 1 0 jxm instead of 5 

<Example #C9> 

Example #C9 consisted of Electromagnetic Shielding Assembly 

#C9 which was identically prepared as Example #C1 except for that the 
20 copper grid pattern formed on the PET film by the photo-lithographic 

process was darkened. 

<Comparative Example #C1> 

Comparative Example #C1 consisted of an electromagnetic 

shielding assembly made by applying Bonding Agent Layer #C1 onto PET 
25 film having the thickness of 50 \JLm to the dry thickness of 20 \uq by using 

an applicator, and heating and diying the assembly at 100 "C for 30 

minutes. The DSC cure index was 80% . Thereafter, in the same way as 

Example #C1, Blectromagnetic Shielding Assembly #C10 was obtained by 

heating and pressing the assembly by using a thermal press under the 
30 condition of 110 "C, 20 kg.cm^ and 15 minutes. 

<Comparative Example #C2> 

Comparative Example #C2 consisted of an electromagnetic 

shielding assembly made by applying Bonding Agent Layer #02 onto PET 

film having the thickness of 25 \im to the dry thickness of 40 m by using 
35 an applicator, and heating and drying the assembly at 100 'C for 30 

minutes. The DSC cure index was 85%, Thereafter, In the same way as 
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Example #C2, Electromagnetic Shieldijng Assembly #C1 1 was obtained by 
heating and pressing the assembly by using a thermal press under the 
condition of 120 °C, 30 kg,cm^, and 30 minutes. 

5 <Comparative Example #C3> 

Comparative Example #C3 consisted of an electromagnetic 
shielding assembly which was prepared identically as Example #C3 except 
for that phonol-formaldehyde resin (Mw=50,000) was used instead of S- 
1005 of Bonding Agent Layer #C3, and Bonding Agent Layer #C7 was 
10 obtained by elixninating Sumijule N, Comparative Example #C3. 
consisted of Electromagnetic Shielding Assembly #C12 which was 
otherwise identically prepared as Example #C3. 
<Comparative Example #C4> 

Comparative Example #C4 consisted of Electromagnetic Shielding 
15 Assembly #C13 which was prepared identically as Example #C1 except 
for that the line width was 5 iLim instead of 20 }xm, 
<Comparative Example #C5> 

Comparative Example #C5 consisted of Electromagnetic Shielding 
Assembly #C14 which was prepared identically as Example #C1 except 
20 for that the line spacing was 50 }xm instead of 250 pm. 
<Comparative Example #C6> 

Comparative Example #C6 consisted of Electromagnetic Shielding 
Assembly #C15 which was prepared identically Example #C1 except for 
that the line width was 50 \im instead of 25 \mx and the line spacing was 
25 150 fjtm instead of 250 \xm. 
<Comparative Example #C7> 

Comparative Example #C7 consisted of Electromagnetic Shielding 
Assembly #C16 which wa5; prepared identically as Example #C2 except 
for that the infrared absorbing agent was removed from Bonding Agent 
30 Layer #C2. 

<Comparative Example #C8> 

Comparative Example #C8 consisted of Electromagnetic Shielding 
Assembly #C17 which was prepared identically as Example #C1 except 
for that the electroconductive material consisted of ITO uniformly vapor 
35 deposited over the surface of the PET film to the thickness of 0.1 |xm 

(1,000 A) without geometric patterning, and the infrared absorbing agent 
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was removed from the composition of Bonding Agent Layer #C1 which 
was directly applied to the surface of the electroconductive material. 
<CompaTative Example #C9> 

Comparative Example #C9 consisted of Electromagnetic Shielding 
Assembly #C18 which was prepared identically as Example #C3 except 
for that polydimethylsiloxane (Mw=45,000, n=1.43) was used as Bonding 
Agent Layer #C10. The conditions were otherwise identical to those of 
Example #C3. 

The aperture ratio of the geometric pattern of the electroconductive 
metallic material formed over the electromagnetic shielding bonding film, 
EMI shielding performance, visible light transmission factor, invisibility, 
infrared blocking ratio, and bonding force before and after heating were 
actually measured, and the measured results are summarized in Tables 5 
and 6. 

The refractive index was measured by using a refraction meter 
(marketed by KK Atago Kogaku Kikai Seisakusho under the tradename of 
Abbe refraction meter) at the temperature of 25 °C. The apermre ratio of 
the geometric pattern of the electroconductive metallic material formed 
over the electromagnetic shielding bonding film was actually measured 
from the microscopic photograph. The DSC was measured by using a 
differential scanning calorimeter (marketed by DuPont under the 
tradename of type 910-DSC) over the temperature range of room 
temperature (25 "C) to 200 *C at the temperature increase rate of 10 •C per 
minute. 

The EMI shielding performance was measured by placing the 
specimen between two flanges of a coaxial waveguide converter (marketed 
by Nihon Koshuha KK under the tradename of TWC-S-024), and using a 
spectro-analyzer (marketed by YHP under the tradename of 8510B Vector 
Network Analyzer) over the frequency range of 30 MHz to 1 GIIz. 

The visible light transmission factor was measured as an average 
value of the transmission factor over die wavelengUi range of 400 to 700 
nm by using a double beam spectro-pholoanalyzer (marketed by KK 
Hitachi under the tradename of Type 200-10). 

The invisibility was measured by viewing the electromagnetic 
shielding assembly incorporated with the electromagnetic shielding 
bonding film at the distance of 0.5 m, and evaluating if the geometric 
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pattern of tlie electroconductive metallic material was visible or not. The 
specimens were graded into "good" and "NG" depending on if the pattern 

was visible or not. 

The infrared blocking ratio was measured as an average value of 
the infrared absorption ratio for the wavelength range of 900 to 1,100 nm 
by using a spectrophotometer (marketed by KK Hitachi Seisakusho under 
the tradename of U-341 0). The bonding force was measured by using a 
tensile strength testing machine (marketed by Toyo Baldwin KK under the 
tradename of TensHon UTM-4-100) with the width of 10 mm, 90 degree 
direction and peeling speed of 50 mm/minute. 
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Table 6 
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According to Comparative Examples #C1 and #C2, the cure index 
of the bonding agent layer was as high as 60% or more, and due to the lack 
of fluidity of the bonding agnct layer, the bonding agent was unable flow 
more than the thickness of the geometrically patterned electroconductive 
5 metallic material such as copper foil and aluminum foil so that the bonding 
agent layer failed to closely attach to the plastic plate of the bonding object. 
As a result, the bonding force was inadequate. Also, the irregular surface 
texture imprinted on the surface of the bonding agent layer remained 
permanently due to the lack of fluidity, and the resulting irregular 

10 dispersion of the transmission light causes a low visible transmission 
factor. According to Comparative Example #C3, Bonding Agent Layer 
#C7 had a high refraction index of 1.73, and the excessive scattering of 
light at the interface between the bonding agent layer and the plastic plate 
resulted in a low visible light transmission factor. According to 

15 Comparative Example #C4, because the thickness of 5 |ira of Bonding 
Agent Layer #C1 was smaller than the thickness of 12 ]mq of the copper 
foil, a favorable attachment between Bonding Agent Layer #C1 and the 
plastic plate waj? achieved owing to the fluidity of Bonding Agent Layer 
#C1, but the failure to completely embed the electroconductive metaUic 

20 material in the bonding agent layer lesulled in a poor visible light 
transmission factor. According to Comparative Example #C5, a 
favorable EMI shielding was acliieved owing to the line spacing of 50 fxro, 
and a favorable invisibility was attained owing to the fine line width of 25 
\im, but the narrow line spacing resulted in a poor visible light 

25 transmission factor due to the small aperture ratio of 25% which is 

substantially smaller than the desired minimum of 50%. According to 
Comparative Example #C6, a poor invisibility resulted because of the large 
line width of 50 |im. According Comparative Example #C7 which used a 
bonding agent layer containing no infrared absorbing agent, a poor infrared 

.30 blocking resulted. According Comparative Example #C8 which used ITO 
(indium-tin oxide) vapor deposited on PET film, the EMI shielding was 
poor. According Comparative Example #C9 which used Bonding Agent 
Layer 10 having the refractive index of 1.43 for the bonding agent layer, 
because of excessive scattering of light at the interface between the 

35 bonding agent layer and the plastic plate similarly as Comparative 
Example #C3, a poor visible light transmission factor resulted. As 
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Opposed to these Comparative Examples, Examples of the present 
invention which are characterized by an electroconductive metallic 
material layer which is geometrically patterned so as to have an aperture 
ratio of 50% or more, and the bonding agent layer consisted of 
5 thermosetting re5:in and had a refractive index of 1.45 to 1.70, the bonding 
agent layer having a larger thickness than the electroconductive metallic 
material, and containing an infrared absorbing agent, all the measured 
values were satisfactory. Particularly favorable results were obtained 
when the electroconductive metallic material had a Une width of 40 \xm or 

10 less, a line'spacing of 100 |Jim or more and a line thickness 40 ^m or less. 
The electromagnetic shielding assembly of Example #C9 using darkened 
copper allowed a high contrast and clear images to be viewed. 

As can be appreciated from the description of the embodiments, the 
electromagnetic shieldmg bonding film according to the present invention 

15 can be applied very closely to the object so that a favorable EMI shielding 
performance can be achieved substantially without any electromagnetic 
leakage. The present invention can provide superior electromagnetic 
shielding bonding film which has favorable optical properties in terms of 
visible light transmission factor and invisibility, and involves very KtUe 

20 change in the bonding properties at high temperatures over an extended 
period of time. 

By using photo-lithography for the inicm-lithogrdphy, there is 
provided electromagnetically shielding bonding film which is economical, 
and suited for mass prbduction, and provides a high EMI shielding 
25 performance, transparency, and convenient bonding property. 

If the softening temperamre of the bonding agent layer is 200 "C or 
lowerTthere is provided electromagnetically shielding bonding film which 
can be readily attached to a bonding object, and is easy to handle. 

If the bonding agent layer has a refraction index of 1.45 to 1.70, 
30 there is provided electromagnetically shielding bonding film which is 
highly transparent, and capable of offering clear images. 

Tf the bonding agent layer has a larger thickness than the 
electroconductive metallic material layer, there is provided 
electromagnetically shielding bonding f Um which is highly transparent and 
35 has a favorable bonding property . 

If the bonding agent layer which flows under heat or pressure 
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contains an infrared absorbing agent, there is provided clectromagnetically 
shielding bonding film which is highly transparent and capable of blocking 
infrared radiation. 

K the geometrically patterned electroconductive metallic material 
5 layer has a line width of 40 |xm or less, a line spacing of 100 \mi or more 
and a line thickness 40 jira or less, there is provided clectromagnetically 
shielding bonding film which is highly transparent and provides a wide 
view angle. 

If the geometrically patterned electroconductive metallic material 
10 layer consists of a copper, aluminum or nickel layer having a thickness of 
0.5 to 40 |j,m, there is provided electromagnetically shielding bonding film 
which is capable of shielding EMI, highly workable and economical. 

If the photo-lithography consists of a chemical etching process, 
there is provided electromagnetically shielding bonding film which is 
15 economical and provides a high visible transmission factor. 

If the plastic film carrying the electroconductive metallic material 
layer consists of polyethylene-terephthalatc film or polycarbonate film, 
there is provided electromagnetically shielding bonding film which, is 
economical, transparent, and heat-resistant. 
20 If the electroconductive metallic material consists of copper which 

at least has a darkened surface, there is provided electromagnetically 
shielding bonding film which is capable of providing a high contrast 
display and a favorable EMI shielding. 

If the electroconductive metallic material consists of paramagnetic 
25 metallic material, there is provided electromagnetically shielding bonding 
film which is capable of effectively shielding a magnetic field. 

""If the electromagnetic shielding assembly comprises a plastic plate 
and the electromagnetic shielding bonding film, there Is provided a base 
sheet which is transparent and effective in shielding EMI, and which is 
30 suitable for use in display devices. 

If the electromagnetic shielding assembly comprises a plastic plate 
and the electromagnetic shielding bonding film attached to one side of the 
plastic plate, there is provided a base sheet which is transparent and 
effective in shielding EMI, and which is suitable for use in display devices. 
35 If the electromagnetic shielding assembly comprises a plastic plate, 

the electromagnetic shielding bonding film attached to one side of the 



plastic plate, and a bonding agent or a bonding filnj having an infrared 
blocking property attached to the other side of the plastic plate, there is 
provided a base sheet which is transparent and effective in blocking 

infrared radiation. 

By applying the transparent, electromagnetic shielding bonding 
film to a display device, there is provided a display device which is light in 
weight, compact and free from electromagnetic leakage. 

By applying the transparent, electromagnetic shielding assembly to 
a display device, there is provided a display device which is light in weight, 
compact and free from electromagnetic leakage provided with a protective 
plate at the same time. When diis is applied to a display device, because 
of the high visible light transmission factor and the favorable mvisibility, it 
becomes possible to allow the display device to be viewed comfortably 
and naturally without increasing the display intensity. 

Because the electromagnetic shielding bonding film and the 
electromagnetic shielding assembly according to the present invention are 
highly transparent and effective in shielding electromagnetic radiarion, 
they can be favorably used, in addition to the application to display 
devices, for shielding electromagnetic radiation by being mounted on the 
cases for measuring instruments, measuring devices and manufacturing 
devices, and inspection windows for such cases, and for protecting 
appliances and devices from electromagnetic radiation by being mounted 
on the cases for such appliances and devices, and windows for such cases 
that require to be transparent. 
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WHAT WE CLAIM IS: 

1. Electromagnetic shielding bonding film, comprising; 
substantially transparent plastic base film; 

5 an electroconductive metallic material layer which is geometrically 

patterned on said plastic base film so as to have an aperture ratio of 50% or 
more; and 

a bonding agent layer placed at least over a part of said plastic base 
film not covered by said electroconductive metallic material layer, said 
10 bonding agent layer being adapted to be selectively given with fluidity. 

2. Electromagnetic shielding bonding film according to claim 1, 
wherein said bonding agent is placed substantially over entire surface of 
one side of said plastic base film carrying said geometrically patterned 

15 electroconductive metallic material layer. 

3. Electromagnetic shielding bonding film according to claim 1, 
wherein said bonding agent layer is adapted to become fluid under heat 
and/or pressure. . 

20 

4. Electromagnetic shielding bonding film according to claim 3, 
wherein said bonding agent layer which flows under heat or pressure has a 
softening temperature of 200 °C or lower. 

25 5. Electromagnetic shielding bonding film according to claim 1, 
wherein said bonding agent layer is adapted to cure by radiation of active 
radiation energy. 

6. Electromagnetic shielding bonding film according to claim 1, 
30 wherein said radiation energy consists of ultraviolet or electron beam 

radiation. 

7. Electromagnetic shielding bonding film according to claim 1, 
wherein said bonding agent layer consists of thermosetting resin. 

35 

8. Electromagnetic shielding bonding film according to claim 7, 



wherein said thermosetting bonding agent layer has a cure index which is 
less than 60%. 

9. Electromagnetic shielding bonding film according to claim 1, 
wherein said electroconductive metallic material layer is geometrically 
patterned by micro-lithography. 

10. Electromagnetic shielding bonding film according to claim 9, 
wherein said micro-lithography consists of photo-lithography. 

11. Electromagnetic shielding bonding film according to claim 1, 
wherein said bonding agent layer has a refi^action index of 1.45 to 1.70. 

12. Electromagnetic shielding bonding film according to claim 1, 
wherein said bonding agent layer has a larger thickness than said 
electroconductive metallic material layer. 

13. Electromagnetic shielding bonding film according to claim 1, 
wherein said bonding agent layer contains an infrared absorbing agent. 

14. Electromagnetic shielding bonding film according to claim 1, 
wherein said geometrically patterned electroconductive metallic material 
layer has a line width of 40 ^ini or less, a line spacing of 100 jim or more 
and a line thickness 40 jxm or less. 

15. Electromagnetic shielding bonding fihn according to claim 1, 
wherem said geometrically patterned electroconductive metallic material 
layer consists of a copper, aluminum or nickel layer having a thickness of 
0.5 to 40 jxm. 

16. Electromagnetic shielding bonding film according to claim 10, 
wherein said photo-lithography consists of a chemical etching process. 

17. Electromagnetic shielding bonding film according to claim 1, 
wherein said plastic fihn carrying said electroconductive metallic material 
layer consists of polyethylene-terephthalate film or polycarbonate film. 
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18. Electromagnetic shielding bonding film according to ciaim 1, 
wherein said electroconductive metalh'c material consists of copper which 
at least has a darkened surface. 

5 

19. Electromagnetic shielding bonding film according to claim 1, 
wherein said electroconductive metallic material consists of paramagnetic 
metallic material. 

10 20. An electromagnetic shielding assembly comprising a substantially 
transparent plastic plate and electromagnetic shielding bonding film 
according to any one of claims 1 to 19. 

21. An electromagnetic shielding assembly comprising a substantially 
15 transparent plastic plate and electromagnetic shielding bonding film 

attached to one side of said plastic plate, said electromagnetic shielding 
bonding film being constructed according to any one of claims 1 tol9- 

22. An electromagnetic shielding assembly comprising a substantially 
20 transparent plastic plate, electromagnetic shielding bonding film attached 

to one side of said plastic plate, and a bonding agent or a bonding film 
having an infi:ared blocking property attached to the other side of said 
plastic plate, said electromagnetic shielding bonding film being 
constructed according to any one of claims 1 tol9. 

25 

23. A display device using the electromagnetic shielding bonding film 
according to any one of claims 1 to 19. 



30 
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ABSTRACT OF THE DISCLOSURE 



Provided is electroroagnetic shielding bonding fiJm which has an 
electromagnetic shielding capability, infrared blocking capability, 
5 transparency, invisibility and favorable bonding property, and an 
electromagnetic shielding assembly and a display device using such 
bonding film. The electromagnetic shielding bonding film is characterized 
by plastic film carrying a bonding agent layer which flows under specific 
conditions, and an electroconductive metallic material layer which is 

10 geometrically patterned by micro-lithography so as to have an aperture 
ratio of 50% or more. This electromagnetic shielding bonding film is 
combined with a plastic plate to obtain an electromagnetic shielding 
assembly! Also is provided a display device such as CRT, PDP, LCD or 
EL which has the electromagnetic shielding bonding film or the 

15 electromagnetic shielding assembly on the display screen. 
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